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THEREOF 

(57) A compound of the formula: 
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wherein R 1 is a hydrocarbon group, R 2 is a hydrocarbon group having 2 or more carbon atoms, where R 1 and R 2 may 
in combination form, together with an adjacent nitrogen atom, a ring optionally having a substituent orsubstituents, R 3 
is a hydrocarbon group optionally having a substituent or substituents or a heterocyclic group optionally having a 
substituent or substituents, R 4 is a hydrogen atom, a hydrocarbon group, a heterocyclic group and the like, E is a 
divalent chain hydrocarbon group and the like, G is CO or S0 2 , J is a nitrogen atom, a methine group and the like, and 
Q and R are each a divalent chain C V3 hydrocarbon group and the like, and a salt thereof show a superior CCR5 
antagonistic activity and are useful as agents for the prophylaxis or treatment of HIV infection of human peripheral 
blood mononuclear cells, particularly AIDS. 
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Description 
Technical Field 

[0001] The present invention relates to cyclic amide compounds, which are useful for the treatment of acquired 
Immunodeficiency syndrome, and their production and use. 

Background Art 

[0002] HIV (human immunodeficiency virus) protease Inhibitors have been developed in recent years for the treat- 
ment of AIDS (acquired immunodeficiency syndrome), and use of the protease inhibitors in combination with two con- 
ventional HIV reverse transcriptase inhibitors has provided dramatic progress in the treatment of AIDS. However it is 
not sufficient for the eradication of AIDS, and the development of new anti-AIDS drugs having different activities' and 
mechanisms are therefore required. 

[0003] CD4 has long been known as a receptor from which HIV invades a target cell. Recently, CCR5 has been 
discovered as a second receptor of macrophage-tropic HIV and CXCR4 has been discovered as a second receptor 
for T-celi tropic HIV. These are G protein-coupled chemokine receptors having seven transmembrane domains These 
chemokine receptors are thought to play an essential role in establishment and spread of HIV infection In fact it is 
reported that a person who is resistant to HIV infection in spite of several exposures retains mutation of homo deletion 
of CCR5 gene. Therefore, a CCR5 antagonist is expected to be a new anti-HIV drug. 

[0004] As chemokine receptor antagonists, at present, there are known aromatic urea derivatives (J. Biol. Chem., 
1998, 273, 10095-10098.), benzodiazepine derivatives (Japanese unexamined patent publication No 9-249570) cy- 
clam derivatives (Nat. Med., 1998, 4, 72-77.), spiro piperidine derivatives (WO98/25604,25605,), acridine derivatives 
(WO9B/30218), xanthene derivatives (WO98/04554), haloperidol derivatives (J.Biol.Chem.,1 998,273,15687-15692., 
W098/24325, 02151 .), benzazocine-type compound (Japanese unexamined patent publication No.9-25572) benzim- 
idazole denvatives (WO98/06703), piperazine and diazepine derivatives (W097/44329), 3-disubstituted piperidine de- 
rivatives (Japanese unexamined patent publication No. 9-249566), 4-substituted piperidine derivatives (WO99/04794) 
substituted pyrrolidine derivatives (WO99/09984), etc. However, so far, there has been no report that a CCR5 antagonist 
is developed as a therapeutic agent of AIDS. 

[0005] Of the cyclic compounds containing a heteroatom and with regard to the physiological activity of pyrrolidinone 
denvatives, a compound having the structure expressed by the following formula (I) wherein Q=CH 2 , R=CH 2 , J=CH, 
G=CO, R3=H was reported to have a plant growth controlling or herbicide activity some time ago (JP-A-51-125745)' 
an analgesic, antiinflammatory activity (Chim. Ther., 1972, 7, 398^03) and the like. However, there Is not any report 
on a chemokine receptor antagonistic activity or a description of the present compound wherein R^H. 

Disclosure of the Invention 

[0006] The present inventors diligently made extensive studies on compounds having CCR5 antagonistic activity 
and, as a result, they found that a compound shown by thefonmula (I) or a salt thereof shows superior CCR5 antagonistic 
activity and is useful as an agent for the prophylaxis or treatment of HIV infection of human peripheral blood mononu- 
clear cells (especially AIDS), and also that the compound has superior absorbability when orally administered. Based 
on the finding, the present invention was accomplished. 
[0007] Accordingly, the present invention provides the following. 

45 [1 ] A compound of the formula: 
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wherein 



R 1 is a hydrocarbon group; 

R 2 is a hydrocarbon group having 2 or more carbon atoms, or R1 and R* may in combination form, together 
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with an adjacent nitrogen atom, a ring optionally having a substituent or substituents; 

R 3 is a hydrocarbon group optionally having a substituent or substituents or a heterocyclic group optionally 

having a substituent or substituents; 

R 4 is a hydrogen atom, a hydrocarbon group optionally having a substituent or substituents or a hetero- 

cyclic group optionally having a substituent or substituents; 

E is a divalent chain hydrocarbon group optionally having a substituent or substituents other than an oxo 

group; 

G is CO or S0 2 ; 

J is a nitrogen atom or a methine group optionally having a substituent or substituents; and 

Q and R are each a bond or a divalent chain C v3 hydrocarbon group optionally having a substituent or substit- 
uents, 

or a salt thereof. 

[2) The compound of [1] above, wherein R 1 is a C^ alkyl group or a C^g cycloalkyl group; R 2 is a alkyl group 
or a cycloalkyl group, or R 1 and R 2 in combination form, together with an adjacent nitrogen atom, a ring 
optionally having a substituent or substituents; R 3 is a alkyl group optionally having a substituent or substit- 
uents, a cycloalkyl group optionally having a substituent or substituents, an aryl group optionally having a 
substituent or substituents or a heterocyclic group optionally having a substituent or substituents; R 4 is a hydrogen 
atom, alkyl group optionally having a substituent or substituents, a 03.3 cycloalkyl group optionally having a sub- 
stituent or substituents, an aryl group optionally having a substituent or substituents or a heterocyclic group op- 
tionally having a substituent or substituents; E is a C 2 . 5 alkylene group optionally having a substituent or substit- 
uents other than oxo group; G is CO or S0 2 ; J is a nitrogen atom or a methine group optionally having a substituent 
or substituents; and Q and R are each a bond or a C v3 alkylene group optionally having a substituent or substit- 
uents. 

[3] The compound of [1) or [2] above, wherein R 1 and R 2 in combination form, together with an adjacent nitrogen 
atom, a ring optionally having a substituent or substituents. 

[4] The compound of [3] above, wherein the ring optionally having a substituent or substituents is a 1 -piperidinyl 
group or a 1 -piperazinyl group each optionally having a substituent or substituents. 

[5] The compound of [4] above, wherein the substituent of the 1 -piperidinyl group or 1 -piperazinyl group is (1) 
phenyl-C^ alkyl optionally having halogen on a benzene ring, (2) diphenylmethyl optionally having hydroxy, (3) 
benzoyl optionally having halogen on a benzene ring, (4) 2-phenylethen-1-yl, (5) phenyl optionally having halogen, 
(6) hydroxy, (7) phenoxy or (B) benzyloxy. 

[6] The compound of [3] above, wherein the ring optionally having a substituent or substituents is a 1 -piperidinyl 
group optionally having a substituent or substituents. 

[7] The compound of [6] above, wherein the substituent of the 1 -piperidinyl group is a benzyl group optionally 
having halogen on a benzene ring. 

[8] The compound of [1] or [2] above, wherein R 3 is (1) a C^ alkyl group, (2) a C^g cycloalkyl group* (3) a benzyl 
group optionally having a hydroxy group, (4) a naphthytmethyl group, (5) a phenyl group optionally having, as a 
substituent, (a) C v 4 alkyl optionally having halogen, (b) C^ alkoxy optionally having halogen, (c) phenyl, (d) 
cyano, (e) benzyloxy or (0 a halogen atom, (6) a naphthyl group, (7) an indanyl group or (8) a tetrahydronaphthyl 
group. 

[9] The compound of [1] or [2] above, wherein R 3 is a phenyl group optionally having, as a substituent, C^ alkyl 
or halogen. 

[10] The compound of [1] or [2] above, wherein E is C^e polymethylene optionally having hydroxy. 
[11] The compound of [1] or [2] above, wherein R 4 is (1) a hydrogen atom, (2) C^ alkyl optionally having (a) 
halogen, (b) pyridyl, (c) morpholino, (d) furyl, (e) ethynyl or (0 C^ cycloalkyl, (3) phenyl-C^ alkyl optionally having 
(a) halogen,, (b) C^ alkyl, (c) halogeno-C w alkyl or (d) C^ alkoxy on a benzene ring, or (4) C^q cycloalkyl. 
[12] The compound of [1 ] or [2] above, wherein R 4 is (a) C^ alkyl group optionally having, as a substituent, halogen 
or furyl or (b) a benzyl group optionally having halogen on a benzene ring. 

[13] The compound of [1 ] above, wherein -N(R 1 )R 2 is a 1 -piperidinyl group optionally having a substituent or sub- 
stituents, E is a trimethylene group, R 3 is a phenyl group optionally having a substituent or substituents, G is CO, 
J is CH, and Q and R are each a methylene group. 

[1 4] A compound selected from /vH3-(4-benzyl-1 -piperidiny0propyn-/V-(3,4-dichlorophenyl)-1 -methyl-5-oxo-3-pyr- 
rolidinecarboxamide, 1 -benzyl- /V-[3-(4-benzy 1-1 -piperidinyl)propyl]-5-oxo-A/-phenyl-3-pyrrolidinecarboxamide, 
AH3-(4-benzyl-1-piperidiny!)propyl)-1-(2^hloro W-(3,4-dichlo- 
rophenyl)-/V43-[4-(4-fluorobenzyl)-1-piperidm^^ 

zyl-1-piperidiny0propy0-5-oxo-Af-phenyl-1-(2,2^-trifluoroethy0-3-pyrrolidinecarboxamide, or a salt thereof. 
[15] A prodrug of the compound of [1] above. 
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[16] A pharmaceutical composition containing the compound of [1] above or a prodrug thereof. 
[17] The composition of [16] above, which is a chemokine receptor antagonist. 
[1 8] The composition of [1 6] above, which is a CCR5 antagonist. 

[1 9] The composition of [1 6] above, which is an agent for the prophylaxis or treatment of HIV infectious diseases. 
[20] The composition of [1 6] above, which is an agent for the prophylaxis or treatment of AIDS. 
[21] The composition of [1 6] above, which is an agent for suppressing the progress of a disease state of AIDS. 
[22] The composition of [19] above, which further contains a protease inhibitor and/or a reverse transcriptase 
inhibitor in combination. 

[23] The composition of [22] above, wherein the reverse transcriptase inhibitor is zidovudine, didanosine, zalcit- 
abine, lamivudine, stavudine, abacavir, nevirapine, delavirdine or efavirenz. 

[24] The composition of [22] above, wherein the protease inhibitor is saquinavir, ritonavir, indinavir, amprenavir or 
nelfinavir. 

[25] Use of the compound of [1 ] above or a prodrug thereof, and a protease inhibitor and/or a reverse transcriptase 
inhibitor for the prophylaxis or treatment of HIV infectious diseases. 

[26] A method for producing a compound of the formula (I) or a salt thereof, which method comprises reacting a 
compound of the formula: 



H — N — E — N 



(ID 



wherein each symbol is as defined above, or a salt thereof, and a compound of the formula: 



r-N^J-R' <"»> 
R 

wherein R 5 is a carboxyl group or a sulfonic acid group, a salt thereof or a reactive derivative thereof, and other 
symbols are as defined above, or a salt thereof. 

[27] A method for producing a compound of the formula (I) or a salt thereof, which method comprises reacting, in 
the presence of a base, a compound of the formula: 



wherein X is a leaving group, and other symbols are as defined above, or a salt thereof and a compound of the 
formula: 

R 1 

H-< (V) 
R 



wherein each symbol is as defined above, or a salt thereof. 

[28] A method for suppressing a chemokine receptor activity, which method comprises administering an effective 
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amount of the compound of [1] above to a mammal. 

[29] Use of a compound of [1] above for the production of a pharmaceutical agent that suppresses a chemokine 
receptor activity. 

[0008] The hydrocarbon group represented by R 1 includes, for example, a chain aliphatic hydrocarbon group, an 
alicyclic hydrocarbon group, an aryl group and the like. Preferably, it is a chain aliphatic hydrocarbon group or an 
alicyclic hydrocarbon group. 

[0009] The chain aliphatic hydrocarbon group includes, for example, a linear or branched aliphatic hydrocarbon group 
such as alkyl group, alkenyl group, alkynyl group and the like, with preference given to alkyl group. Examples of the 
alkyl group include C^q alkyl groups, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
n-pentyt, isopentyl, neopentyl, 1-methylpropyl, n-hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethyl- 
butyl, 3,3-dimethylpropyl, 2-ethylbutyl, n-heptyl, 1 -methylheptyl, 1-ethylhexyl, n-octyl, 1-methylheptyl, nonyl and the 
like (preferably alkyl etc.). Examples of the alkenyl group include C 2 _ 6 alkenyl groups, such as vinyl, allyl, isopro- 
penyl, 2-methylailyl, 1-propenyl, 2-methyl-1 -propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-ethyl-1 -butenyl, 2-methyl- 
2-butenyl, 3-methyl-2-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyt, 4-pentenyl, 4-methyl-3-penteny1, 1-hexenyl, 2-hex- 
enyl, 3-hexenyl, 4-hexenyl, 5-hexenyl and the like. Examples of the alkynyl group include C 2 . 6 alkynyl groups, such as 
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hex- 
ynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl and the like. 

[001 0] Examples of the alicyclic hydrocarbon group include saturated or unsaturated alicyclic hydrocarbon groups, 
such as cycloalkyl group, cycloalkenyl group, cycloalkanedienyl group and the like, with preference given to cycloalkyi 
group. Examples of the cycloalkyl group include C3.9 cycloalkyl (preferably cycloalkyl etc.), such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl and the like, and condensed rings such as 1 -in- 
danyl, 2-indanyl and the like. Examples of the cycloalkenyl group include cycloalkenyl groups, such as 2-cyclopent- 
en-1-yl, 3-cyclopenten-1 -yl, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 1-cyclobuten-l-yl, 1 -cyclopenten-1 -yl and the like. 
Examples of the cycloalkanedienyl group include cycloalkanedienyl groups, such as 2,4-cyc)opentanedien-1-yt, 
2,4-cyclohexanedien-1-yl, 2,5-cyclohexanedien-1-yI and the like. 

[001 1] Examples of the aryl group include monocyclic or condensed polycyclic aromatic hydrocarbon groups, such 
as Cfr U aryl groups, which are preferably phenyl, naphthyl, anthryl, phenanthryl, acenaphthylenyl, 4-indanyl, 5-indanyl 
etc., and the like, with particular preference given to phenyl, 1 -naphthyl, 2-naphthyl and the like. 
[0012] The hydrocarbon group having 2 or more carbon atoms at R 2 includes, for example, the hydrocarbon groups 
at R 1 having 2 or more carbon atoms. Of those recited with regard to R 1 , preferred are C 2 _6 alkyl and cycloalkyl. 
[0013] When R 1 and R 2 in combination form, together with an adjacent nitrogen atom, a ring optionally having a 
substituent orsubstituents, the ring may contain, besides one nitrogen atom, a different nitrogen atom, an oxygen atom 
and a sulfur atom. Examples thereof include monocyclic groups, such as 1 -azetidinyl, 1-pyrrolidinyl, 1-piperidinyl, 
1-homopiperidinyl, heptamethyleneimino, 1 -piperazinyl, 1-homopiperazinyl, morpholino, thtomorpholino and the like, 
condensed rings such as 2-isoindolinyl, 1,2,3,4-tetrahydro-2-isoquinolyl, 1,2,4,5-tetrahydro-3H-3-benzodiazepin-3-yl 
and the like, cyclic amino groups such as spiro ring and the like (e.g., indene-1-spiro-4'-piperidin-1'-yl etc.), said cyclic 
amino group optionally having 1 to 5, preferably 1 to 3, substituent(s) at a chemically permitted position on the ring. 
[0014] Examples of the substituent include hydroxy group, cyano group, nitro group, oxo group, halogen atom (e.g., 
fluorine atom, chlorine atom, bromine atom, iodine atom etc.), a group of the formula: -YR a (wherein R a is a hydrocarbon 
group optionally having a substituent or substituents or a heterocyclic group optionally having a substituent or substit- 
uents, Y is a bond (single bond), -CRtW-, -COO-, -CO-, -CO-NR b -, -CS-NR*>-, -CO-S-, -CS-S-, -CO-NRb-CO-NFF-, 
-C(=NH)-NR b -, -NR b -, -NRb-CO-, -NR^CS-, -NR b -CO-NR c -, -NR b -CS-NR c -, -NR b -CO-0-, -NR b -CS-0-, -NFP-CO-S-, 
-NR b -CS-S-, -NR b -C(=NH)-NR c -, -NR b -S0 2 -, -NR b -NR c -, -O-, -O-CO-, -O-CS-, -O-CO-O, -0-CO-NR b -, -0-C(=NH) 
-NR b -, -S-, -SO-, -S0 2 -, -S0 2 -NR b - ? -S-CO-, -S-CS-, -S-CO-NR b -, -S-CS-NR b -, -S-C(=NH)-NR b - and the like, wherein 
R b and R c are each a hydrogen atom, alkyl group optionally having a substituent orsubstituents, alkenyl group optionally 
having a substituent or substituents, alkynyl group optionally having a substituent or substituents, an aryl group op- 
tionally having a substituent or substituents, cycloalkyl group or cycloalkenyl group optionally having a substituent or 
substituents, a heterocyclic group optionally having a substituent orsubstituents, acyl group derived from sulfonic acid, 
acy! group derived from carboxylic acid etc.), and the like. 

[0015] The "hydrocarbon group" of the hydrocarbon group optionally having a substituent or substituents at R a is 
exemplified by chain aliphatic hydrocarbon group, alicyclic hydrocarbon group, aryl group and the like. As these chain 
aliphatic hydrocarbon group, alicyclic hydrocarbon group, aryl group, those exemplified as the chain aliphatic hydro- 
carbon group, alicyclic hydrocarbon group and aryl group at R 1 can be used. Examples of the substituent of the hy- 
drocarbon group include those exemplified as the substituents for the "hydrocarbon group optionally having a substit- 
uent or substituents" at R 3 to be mentioned later. 

[0016] As the "heterocyclic group optionally having a substituent or substituents" at the aforementioned R a , those 
exemplified as the "heterocyclic group optionally having a substituent or substituents" at R 3 to be mentioned later can 
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be recited. As the alky! group optionally having a substltuent or substituents, alkenyl group optionally having a substit- 
uent or substituents, alkynyl group optionally having a substituent or substituents, aryl group optionally having a sub- 
stltuent or substituents, cycloalkyl group or cycloalkenyl group optionally having a substituent or substituents, hetero- 
cyclic group optionally having a substituent or substituents, acyl group derived from carboxylic acid, alkyl sulfonyl group 
optionally having a substituent or substituents, and arylsulfonyl group optionally having a substituent or substituents, 
as expressed by the aforementioned R*> and BP, those exemplified as the substituent of the hydrocarbon group option- 
ally having a substituent or substituents at R 3 to be mentioned later are exemplified. 

[0017] It is preferable that FP and R* in combination form, together with an adjacent nitrogen atom, a heterocycle 

optionally having a substituent or substituents. 

[0018] More preferably, NR1R2 is a group of the formula: 



o 



Y — R* 



Y — R 



or 



— N N — Y — R a 



wherein Y and R a are as defined above. As used here, Y and R a are as defined above, and R a is particularly preferably 
an aryl group optionally having a substituent or substituents or a heterocyclic group optionally having a substituent or 
substituents. 

[001 9] YR a is particularly preferably a benzyl group optionally having a substituent or substituents. 
[0020] NR 1 R 2 is particularly preferably a 4-benzyl-1 -piperidinyl group optionally having a substituent or substituents. 
[0021] As the hydrocarbon group of the hydrocarbon group optionally having a substituent or substituents at R 3 
there are mentioned, for example, those similar to the hydrocarbon groups at R\ with particular preference given to 
c i-6 alk y J group, cycloalkyl group and aryl group. These are exemplified by those recited for R 1 . 
[0022] The heterocyclic group of the heterocyclic group optionally having a substituent or substituents at R3 is, for 
example, an aromatic heterocyclic group, a saturated or unsaturated non-aromatic heterocyclic group (aliphatic hete- 
rocyclic group) and the like, containing, as an atom (cyclic atom) constituting the ring system, at least one (preferably 
1 to 4, more preferably 1 or 2) of 1 to 3 kinds (preferably 1 or 2 kinds) of the hetero atom selected from an oxygen 
atom, a sulfur atom, a nitrogen atom and the like. 

[0023] Examples of the aromatic heterocyclic group include aromatic monocyclic heterocyclic group (e.g., 5- or 
6-membered aromatic monocyclic heterocyclic group such as furyl, thienyl, pyrrolyl, oxazolyl, isooxazolyl, thiazolyl 
isothiazolyl, imidazolyl, pyrazolyl, 1 ,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1 ,3,4-oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl' 
1 ,2,4-thiadiazolyl, 1 ,3,4-thiadiazolyl, 1 ,2,3-triazolyl, 1 ,2,4-triazolyi, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyii 
tnazinyl etc.); condensed aromatic heterocyclic group [e.g., 8 to 12-membered condensed aromatic heterocyclic group 
(preferably a heterocycle wherein the aforementioned 5-or 6-membered aromatic monocyclic heterocyclic group is 
condensed with a benzene ring or a heterocycle wherein the same or different two heterocycles of the aforementioned 
5- or 6-membered aromatic monocyclic heterocyclic group are condensed), such as benzofuranyl, isobenzofuranyl, 
benzothienyl, indotyl, isoindolyl, 1H-indazolyl, benzindazolyl, benzooxazolyl, 1 ,2-benzoisooxazolyl, benzothiazolyl' 
benzopyranyl, 1 ,2-benzoisothiazolyl, 1 H-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl' 
phthalazinyl, naphthyridinyl, purinyl, pteridinyl, carbazolyl, ct-carbolinyl, p-carbolinyl, ^carbolinyl, acridinyl, phenoxazi- 
nyl, phenothiaziny!, phenazinyl, phenoxathiinyl, thianthrenyl, phenanthridinyl, phenanthrolinyl, indolizinyl pyrro[1 2-bl 
pyridazinyl, pyrrazolo[1 ,5-aJpyridyl, imidazo[1 ,2-a]pyridyl, imidazo[1 ,5-aJpyridyl, imidazo[1 ,2-bJpyridazinyl, imidazo 
[1 ,2-aJpyrimidinyl, 1 ,2,4-triazolo[4,3-aJpyridyl, 1 ,2,4-triazolo[4,3-b]pyridazinyl etc.] and the like. 
[0024] Examples of the non-aromatic heterocyclic group include 3 to 8-membered (preferably 5- or 6-membered) 
saturated or unsaturated (preferably saturated) non-aromatic heterocyclic group (aliphatic heterocyclic group) such 
as oxiranyl, azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl, thioranyl, piperidinyl, tetrahydropyranyl mor- 
phoiinyl, thiomorpholinyl, piperazinyl etc., and the like. 

[0025] Examples of the substituent of the hydrocarbon group optionally having a substituent or substituents as ex- 
pressed by R3 and the substituent of the heterocyclic group optionally having a substituent or substituents as expressed 
by R3 include alkyl group optionally having a substituent or substituents, alkenyl group optionally having a substituent 
or substituents, alkynyl group optionally having a substituent or substituents, an aryl group optionally having a substit- 
uent or substituents, cycloalkyl group or cycloalkenyl group optionally having a substituent or substituents, a hetero- 
cyclic group optionally having a substituent or substituents, amino group optionally having a substituent or substituents 
imidoyl group optionally having a substituent or substituents, amidino group optionally having a substituent or substit- 
uents, hydroxy group optionally having a substituent or substituents, thiol group optionally having a substituent or 
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substituents, optionally esterified carboxyl group, carbamoyl group optionally having a substltuent or substituents, thl- 
ocarbamoyl group optionally having a substituent or substituents, sulfamoyl group optionally having a substituent or 
substituents, halogen atom (e.g., fluorine, chlorine, bromine, iodine etc., preferably chlorine, bromine etc.), cyano group, 
nitro group, acyl group derived from carboxytic acid, alkyl sulfinyl group optionally having a substituent or substituents, 
s alkyl sulfonyl group optionally having a substituent or substituents, arylsulfinyl group optionally having a substituent or 
substituents, arylsulfonyl group optionally having a substituent or substituents and the like, wherein 1 to 5 (preferably 
1 to 3) of these optional substituents may be present at a substitutable position. 

[0026] The aryl group of the "aryl group optionally having a substituent or substituents" as a substituent may be, for 
example, aryl group such as phenyl, naphthyl, anthryl, phenanthryl, acenaphthylenyl etc., and the like. Here, the 

io substituent of the aryl group includes, for example, lower alkoxy group (e.g., alkoxy group such as methoxy, ethoxy, 
propoxy etc., and the like), halogen atom (e.g., fluorine, chlorine, bromine, iodine etc.), lower alkyl group (e.g., 
alkyl group such as methyl, ethyl, propyl etc., etc.), amino group, hydroxy group, cyano group, amidino group and the 
like, wherein one or two of these optional substituents may be present at a substitutable position. 
[0027] The cycloalkyl group of the "cycloalkyl group optionally having a substituent or substituents" as a substituent 

is may be, for example, cycloalkyl group, such as cyclopropyl, cyclobutyl, cyclopentyl, cydohexyl, cycloheptyl etc., 
and the like. As used herein, examples of the substituent of the "cycloalkyl group" are similar in the kind and the number 
to those exemplified for the substituent of the aforementioned "aryl group optionally having a substituent or substitu- 
ents". 

[0028] The cycloalkenyl group of the "cycloalkenyl group optionally having substituents" as a substituent may be, 
20 for example, C 3 ^ cycloalkenyl group such as cyclopropenyl, cyclobutenyl, cyciopentenyl, cyclohexenyl etc., and the 
like. As used herein, examples of the substituent of the "cycloalkenyl group optionally having a substituent or substit- 
uents" are similar in the kind and the number to those exemplified for the substituent of the aforementioned "aryl group 
optionally having a substituent or substituents". 

[0029] The alkyl group of the "alkyl group optionally having a substituent or substituents" as a substituent may be, 
25 for example, C 1<€ alkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, iso- 
pentyl, neopentyl, 1-methyipropyi, n-hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-dimethyIbutyl, 3,3-dimethylbutyl, 
3,3-dimethylpropyl etc., and the like. As used herein, examples of the substituent of the alkyl group are similar in the 
kind and the number to those exemplified for the substituent of the aforementioned "aryl group optionally having a 
substituent or substituents". 

30 [0030] The alkenyl group of the "alkenyl group optionally having a substituent or substituents" as a substituent may 
be, for example, C^alkenyl group such as vinyl, allyl, isopropenyl, 2-methylaIlyl, 1-propenyl, 2-methyM -propenyl, 

1- butenyl, 2-butenyl, 3-butenyl, 2-ethyM-butenyl, 2-methyl-2-butenyl, 3-niethyl-2-buteny1 ( 1-pentenyl, 2-pentenyl, 
3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl etc., and the like. 
As used herein, examples of the substituent of the alkenyl group are similar in the kind and the number to those 

35 exemplified for the substituent of the aforementioned "aryl group optionally having a substituent or substituents". 

[0031] The alkynyl group of the "alkynyl group optionally having a substituent or substituents" as a substituent may 
be, for example, C 2 _6 alkynyl group, such as ethynyl, 1 -propynyl, 2-propynyl, 1 -butynyl, 2-butynyl, 3-butynyl, 1 -pentynyl, 

2- pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl and the like. As used herein, 
examples of the substituent of the alkynyl group are similar in the kind and the number to those exemplified for the 

40 substituent of the aforementioned "aryl group optionally having a substituent or substituents". 

[0032] The heterocyclic group of the "heterocyclic group optionally having a substituent or substituents" as a sub- 
stituent may be, for example, an aromatic heterocyclic group, a saturated or unsaturated non-aromatic heterocyclic 
group (aliphatic heterocyclic group) and the like, containing, as an atom (cyclic atom) constituting the ring system, at 
least one (preferably 1 to 4, more preferably 1 or 2) of 1 to 3 kinds (preferably 1 or 2 kinds) of the hetero atom selected 

45 from an oxygen atom, a sulfur atom and a nitrogen atom, and the like. 

[0033] Examples of the "aromatic heterocyclic group" include aromatic monocyclic heterocyclic group (e.g., 5- or 
6-membered aromatic monocyclic heterocyclic group, such as furyl, thienyl, pyrrolyl, oxazolyl, isooxazolyl, thiazolyl, 
isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1 ,2,4-oxadiazolyl, 1 ,3,4-oxadiazolyl, furazanyl, 1 ,2,3-thiadiazolyl, 
1 ,2,4-thiadiazolyl, 1 ,3,4-thiadiazolyl, 1 ,2,3-triazolyl, 1 ,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, 

so triazinyl etc.) and condensed aromatic heterocyclic group [e.g., 8 to 12-membered condensed aromatic heterocycle 
(preferably a heterocycle wherein the aforementioned 5- or 6-membered aromatic monocyclic heterocyclic group is 
condensed with a benzene ring or a heterocycle wherein the same or different two heterocycle of the aforementioned 
5- or 6-membered aromatic monocyclic heterocyclic group are condensed), such as benzofuranyl, isobenzofuranyl, 
benzothienyl, indolyl, isoindolyl, 1H-indazolyl, benzindazolyl, benzooxazolyl, 1 ,2-benzoiso oxazolyl, benzothiazolyl, 

55 1 ,2-benzoisothiazolyl, 1 H-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, naph- 
thyridinyl, purinyl, pteridinyl, carbazolyl, a-carbolinyl, p-carbolinyl, -y-carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl, 
phenazinyl, Phenoxathiinyl, thianthrenyl, phenanthridinyl, phenanthrolinyl, indolizinyl, pyrro[1 ,2-bJpyridazinyl, pyrrazo- 
lo[1 ,5-aJpyridyl, imidazo[1 ,2-aJpyridyl, imidazo[1 ,5-aJpyridyl, imidazo[1 ,2-bJpyridazinyl, imidazo[1 ,2-aJpyrimidinyl, 
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1 ,2,4-triazolo[4,3-aJpyridyl, 1 ,2,4-triazolo[4,3-b]pyridazinyl etc.] and the like. 

[0034] Examples of the "non -aromatic heterocyclic group" include 3 to 8-membered (preferably 5- or 6-membered) 
saturated or unsaturated (preferably saturated) non-aromatic heterocyclic group (aliphatic heterocyclic group), such 
as oxiranyl, azetldinyl, oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl, thioranyl, piperidinyl, tetrahydropyranyl, mor- 
s pholinyl, thiomorpholinyl, piperazinyl etc., and the like. 

[0035] The substituent that the "heterocyclic group optionally having a substituent or substituents" as a substituent 
may have is exemplified by lower alky) group (e.g., alkyl group, such as methyl, ethyl, propyl etc., and the like) 
acyl group (e.g., alkanoyl, such as formyl, acetyl, propionyl, pivaloy! etc., benzoyl etc.), and the like. 
[0036] The substituent of the "amino group optionally having a substituent or substituents", "imidoyl group optionally 
10 having a substituent or substituents", "amidino group optionally having a substituent or substituents", "hydroxy group 
optionally having a substituent or substituents" and "thiol group optionally having a substituent or substituents" as a 
substituent may be, for example, lower alkyl group (e.g., C 1-B alkyl group, such as methyl, ethyl, propyl, isopropyl 
butyl, Isobutyl, t-butyl, pentyl, hexyl etc., and the like), acyl group (e.g., alkanoyl (e.g., formyl, acetyl, propionyl' 
pivaloyl etc.), benzoyl etc.), alkyl sulfonyl (e.g., methanesuffonyl, ethanesulfonyl etc.), C3 14 arylsulfonyl (e g ' 
benzenesulfonyl, p-toluenesulfonyl etc.), optionally halogenated alkoxy-carbonyl (e.g., trifluoromethoxycarbonyl' 
2,2,2-trifluoroethoxycarbonyl, trichloromethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl etc.), and the like. The "amino 
group" of the "amino group optionally having a substituent or substituents" as the substituent may be substituted by 
imidoyl group optionally having a substituent or substituents (e.g., C,_ 6 alkyl imidoyl, formylimidoyl, amidino etc.), and 
the like. In addition, two substituents may form acyclic amino group together with a nitrogen atom. In this case, examples 
of the cyclic amino group include 3 to B-membered (preferably 5- or 6-membered) cyclic amino, such as 1-azetidinyl 

1 - pyrrolidmyl, 1 -piperidinyl, morpholino, 1 -piperazinyl and 1 -piperazinyl optionally having, at the 4-position lower alkyl 
group (e.g., C M alkyl group, such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl etc., and the like) 
aralkyl group (e.g., C 7 . 10 aralkyl group, such as benzyl, phenethyl etc., and the like), aryl group (e.g., C R in aryl group' 
such as phenyl, 1 -naphthyl, 2-naphthyl etc. , and the like), and the like. 

[0037] Examples of the "carbamoyl group optionally having a substituent or substituents" include unsubstituted car- 
bamoyl, N-monosubstituted carbamoyl group and N,N-disubstituted carbamoyl group. 

[0038] The "N-monosubstituted carbamoyl group" is a carbamoyl group having one substituent on the nitrogen atom 
Examples of the substituent include lower alkyl group (e.g., alkyl group, such as methyl, ethyl, propyl, isopropyl 
butyl, isobutyl, t-butyl, pentyl, hexyl etc., and the like), cycloalkyl group (e.g., cycloalkyl group, such as cyclopropyl' 
cyclobutyi, cyclopentyl, cyclohexyl etc., and the like), aryl group (e.g., C^o aryl group, such as phenyl, 1 -naphthyl! 

2- naphthyl etc., and the like), aralkyl group (e.g., aralkyl group, such as benzyl, phenethyl etc., preferably phe- 
nyl-C^ alkyl group etc.), heterocyclic group (e.g., those exemplified as the "heterocyclic group" as a substituent of 
"hydrocarbon group optionally having a substituent or substituents" at FP and the like). The lower alkyl group, cycloalkyl 
group, aryl group, aralkyl group and heterocyclic group may have substituents, which substituents are, for example 
hydroxy group, amino group optionally having a substituent or substituents [which amino group optionally having 1 or 
2 from lower alkyl group (e.g., C 1-6 alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl 
hexyl etc., and the like), acyl group (e.g., alkanoyl such as formyl, acetyl, propionyl, pivaloyl etc., benzoyl etc )' 
and the like as substituents], halogen atom (e.g., fluorine, chlorine, bromine, iodine etc.), nitro group, cyano group' 
lower alkoxy group optionally having 1 to 5 halogen atoms as substituents (e.g., fluorine, chlorine, bromine iodine etc )' 
lower alkyl group optionally having 1 to 5 halogen atoms as substituents (e.g., fluorine, chlorine, bromine iodine etc ) 
and the like. Examples of the lower alkyl group include alkyl group, such as methyl, ethyl, n-propyl, isopropyl n- 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc., and the like, particularly preferably methyl, ethyl and the like 
Examples of the lower alkoxy group include alkoxy group, such as methoxy, ethoxy, n-propoxy, isopropoxy n- 
butoxy, isobutoxy, sec-butoxy, tert-butoxy etc., and the like, particularly preferably methoxy, ethoxy and the like. Tnese 
substituents preferably have the same or different, 1 or 2 or 3 (preferably 1 or 2) substituents. 
[0039] The "N,N-disubstituted carbamoyl group" is a carbamoyl group having 2 substituents on a nitrogen atom 
Examples of one of the substituents are those similar to the substituents of the aforementioned "N-monosubstituted 
carbamoyl group" and examples of the other include lower alkyl group (e.g., C V6 alkyl group, such as methyl ethyl 
propyl, isopropyl, butyl, t-butyl, pentyl, hexyl etc., and the like), C 3 _e cycloalkyl group (e.g., cyclopropyl cyclobutyi' 
cyclopentyl, cyclohexyl etc.), C^o aralkyl group (e.g., benzyl, phenethyl etc., preferably phenyl-C^ alkyl group etc ) 
and the like. Two substituents may form a cyclic amino group together with a nitrogen atom. In this case, examples of 
the cyclic ammocarbamoyl group include 3 to 8-membered (preferably 5- or 6-membered) cyclic amino such as 1-aze- 
tidinylcarbonyl, 1-pyrroiidinylcarbonyl, 1 -piperidinylcarbonyl, morpholinocarbonyl, 1 -piperazinylcarbonyl and 1-piper- 
azinyicarbonyl optionally having, at the 4-position, lower alkyl group (e.g., alkyl group, such as methyl ethyl 
propyl, isopropyl, butyl, t-butyl, pentyl, hexyl etc., and the like), aralkyl group (e.g., C 7 . 10 aralkyl group, such as benzyl' 
phenethyl etc., and the like), aryl group (e.g., C^q aryl group, such as phenyl, 1-naphthyl, 2-naphthyl etc., and the 
like), and the like. 

[0040] Examples of the substituent of the "thiocarbamoyl group optionally having a substituent or substituents" are 
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similar to those exemplified for the substituent of the aforementioned "carbamoyl group optionally having a substituent 
or substituents". 

[0041] Examples of the "sulfamoyl group optionally having a substituent or substituents" include unsubstituted sul- 

famoyt, N-monosubstituted sulfamoyl group and N.N-disubstituted sulfamoyl group. 
5 [0042] The "N-monosubstituted sulfamoyl group" means sulfamoyl group having one substituent on a nitrogen atom. 

Examples of the substituent are those similar to the substituent of the "N-monosubstituted carbamoyl group". 

[0043] The "N.N-disubstituted sulfamoyl group" means sulfamoyl group having 2 substituents on a nitrogen atom. 

Examples of the substituent are those similar to the substituent of the "N.N-disubstituted carbamoyl group". 

[0044] Examples of the "optionally esterified carboxyl group" include, besides free carboxyl group, lower alkoxy car- 
10 bonyl group, aryloxycarbonyl group, aralkyloxycarbonyl group and the like. 

[0045] Examples of the "lower alkoxy carbonyl group" include 6 alkoxy-carbonyl group, such as methoxycarbonyl, 

ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl, tert- 

butoxycarbonyl, pentyloxycarbonyl, isopentyloxycarbonyt, neopentyioxycarbonyl etc., and the like. Of these, 

alkoxy-carbonyf group, such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl etc., and the like are preferable. 
15 [0046] Examples of the "aryloxycarbonyl group" preferably include Cy.^ aryloxy-carbonyl group, such as phenoxy- 

carbonyl, 1-naphthoxycarbonyl, 2-naphthoxycarbonyl etc., and the like. 

[0047] Examples of the "aralkyloxycarbonyl group" preferably include C^q aralkyloxy-carbonyl group such as ben- 
zyloxycarbonyl, phenethyloxycarbonyl etc., and the like (preferably Cg. 10 aryl-C w alkoxy-carbonyl etc.). 
[0048] The "aryloxycarbonyl group" and "aralkyloxycarbonyl group" may have substituents. Examples of the substit- 
20 uent are similar in the kind and the number to those exemplified for the substituent of aryl group and aralkyl group as 
the substituents of the aforementioned N-monosubstituted carbamoyl group. 

[0049] The "acyl group derived from carboxylic acid" as the substituent is exemplified by one wherein a hydrogen 
atom or the single substituent that the aforementioned "N-monosubstituted carbamoyl group" has on a nitrogen atom 
is bonded to carbonyi, and the like. Preferred are acyl, such as benzoyl and alkanoyl, e.g., formyl, acetyl, propionyl, 

25 p'rvaloyl etc., and the like. 

[0050] The alkyl of the "alkyl sulfinyl group optionally having a substituent or substituents" and "alkyl sulfonyl group 
optionally having a substituent or substituents" as the substituent may be, for example, lower alkyl group such as 
alkyl group (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, hexyl etc.), and the like. 
[0051] The aryl of the "arylsulfinyl group optionally having a substituent or substituents" and "arylsulfonyl group op- 

30 tionally having a substituent or substituents" as the substituent may be, for example, Cs_ 14 aryl group, such as phenyl, 
naphthyl, anthryl, phenanthryl, acenaphthylenyl etc., and the like. 

[0052] The substituent of these alkyl and aryl may be, for example, lower alkoxy group (e.g., O,^ alkoxy group, such 
as methoxy, ethoxy, propoxy etc., and the like), halogen atom (e.g., fluorine, chlorine, bromine, iodine etc.), lower alkyl 
group (e.g., 0^. 6 alkyl group, such as methyl, ethyl, propyl etc., and the like), amino group, hydroxy group, cyano group, 

35 amidino group and the like, wherein one or two of these optional substituents may be present at a substitutable position. 
[0053] The hydrocarbon group optionally having a substituent or substituents as expressed by R 4 is exemplified by 
those shown with regard to hydrocarbon group optionally having a substituent or substituents as expressed by R 3 , and 
the heterocyclic group optionally having a substituent or substituents as expressed by R 4 is exemplified by those shown 
with regard to the heterocyclic group optionally having a substituent or substituents as expressed by R 3 . 

40 [0054] The divalent chain hydrocarbon group of the divalent chain hydrocarbon group optionally having a substituent 
or substituents otherthan oxo group, as expressed by E, is exemplified by C 1-6 alkylene, such as methylene, ethylene 
etc., C 2 ^ alkenylene, such as ethenylene etc., C 2 . 6 alkynylene, such as ethynylene etc., and the like. Preferred is C^_ 5 
alkylene and more preferred is trimethylene. 

[0055] The substituent of the divalent hydrocarbon group may be any as long as it is not an oxo group. Examples 
45 thereof include alkyl group optionally having a substituent or substituents, an aryl group optionally having a substituent 
or substituents, cycloalkyi group or cycloalkenyl group optionally having a substituent or substituents, optionally ester- 
ified carboxyl group, carbamoyl group or thiocarbamoyl group optionally having a substituent or substituents, amino 
group optionally having a substituent or substituents, hydroxy group optionally having a substituent or substituents, 
thiol (mercapto) group optionally having a substituent or substituents, acyl group derived from carboxylic acid, alkyl 
so sulfonyl group optionally having a substituent or substituents, arylsulfonyl group optionally having a substituent or 
substituents, halogen (e.g., fluorine, chlorine, bromine etc.), nitro, cyano and the like. The number of the substituents 
may be 1 to 3. The alkyl group optionally having a substituent or substituents, an aryl group optionally having a sub- 
stituent or substituents, cycloalkyi group or cycloalkenyl group optionally having a substituent or substituents, carboxyl 
group optionally having an esterified group, carbamoyl group or thiocarbamoyl group optionally having a substituent 
55 or substituents, amino group optionally having a substituent or substituents, hydroxy group optionally having a sub- 
stituent or substituents, thiol (mercapto) group optionally having a substituent or substituents, acyl group derived from 
carboxylic acid, alkyl sulfonyl group optionally having a substituent or substituents, arylsulfonyl group optionally having 
a substituent or substituents are those similar to the substituent of the heterocyclic group optionally having a substituent 
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or substituents as expressed by the aforementioned R 3 . 

[0056] Examples of the substituent of the methine group optionally having a substituent or substituents expressed 
by J are those similar to the substituent of the heterocyclic group optionally having a substituent or substituents ex- 
pressed by the aforementioned R 3 . 

[0057] The divalent chain hydrocarbon group of the divalent chain C,. 3 hydrocarbon group optionally having a 
substituent or substituents, as expressed by Q and R, is exemplified by one having 1 to 3 carbon atoms from the 
divalent chain hydrocarbon group of the divalent chain hydrocarbon group optionally having a substituent or substitu- 
ents other than oxo group, as expressed by E. 

[0058] The substituent of the divalent chain C V3 hydrocarbon group optionally having a substituent or substituents, 
as expressed by Q and R, is exemplified by those exemplified as the substituent of the divalent chain hydrocarbon 
group optionally having a substituent or substituents other than oxo group, as expressed by E. 
[0059] The salt of the carboxyl group or sulfonic acid group, as expressed by R*, is exemplified by salts with alkali 
metal, such as sodium, potassium, lithium etc., salts with alkaline earth metal, such as calcium, magnesium, strontium 
etc., ammonium salt and the like. 

[0060] As the reactive derivative of the carboxyl group, as expressed by R 5 , a reactive derivative, such as acid halide, 
acid azide, acid anhydride, mixed acid anhydride, active amide, active ester, active thio ester and the like, is subjected 
to an acylation reaction. The acid halide is exemplified by acid chloride, acid bromide etc., mixed acid anhydride is 
exemplified by mono alky! carbonate mixed acid anhydride (e.g. , mixed acid anhydride of free acid and monomethyl 
carbonate, monoethyl carbonate, monoisopropyl carbonate, monoisobutyl carbonate, mono tert-butyl carbonate, 
monobenzyl carbonate, mono(p-nitrobenzyl) carbonate, monoallyl carbonate etc.), aliphatic carboxylic mixed acid 
anhydride (e.g., mixed acid anhydride of free acid and acetic acid, trichloroacetic acid, cyanoacetic acid, propionic 
acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid, pivaiic acid, trifluoroacetic acid, trichloroacetic acid, 
acetoacetic acid etc.), C 7 . 12 aromatic carboxylic mixed acid anhydride (e.g., mixed acid anhydride of free acid and 
benzoic acid, p-toiuic acid, p-chlorobenzoic acid etc.), organicsulfonic mixed acid anhydride (e.g., mixed acid anhydride 
of free acid and methanes u If onic acid, ethanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid etc.) and the 
like, active amide is exemplified by amide with heterocyclic compound containing nitrogen [e.g., acid amide of free 
acid and pyrazole, imidazole, benzotriazole etc., these heterocyclic compounds containing nitrogen being optionally 
substituted by alkyl group (e.g., methyl, ethyl etc.), alkoxy group (e.g., methoxy, ethoxy etc.), halogen atom 
(e.g., fluorine, chlorine, bromine etc.), oxo group, thioxo group, alkylthio group (e.g., methylthio, ethylthio etc ) 
etc.] and the like. 

[0061 ] As the active ester, any can be used as long as it is used for this purpose in the field of p-lactam and peptide 
synthesis. For example, organic phosphates (e.g., diethoxyphosphate, diphenoxy phosphate etc.), p-nitrophenyl ester, 
2,4-dinitrophenyl ester, cyanomethyl ester, pentachlorophenyl ester, N-hydroxysuccinimide ester, N-hydroxyphthalim- 
ide ester, 1 -hydroxybenzotriazole ester, 6-chloro-1 -hydroxybenzotriazole ester, 1 -hydroxy-1 H-2-pyridone ester and the 
iike are mentioned. Examples of the active thio ester include esters with aromatic heterocyclic thio! compound, such 
as 2-pyridylthiol ester, 2-benzothiazolylthiol ester and the like, wherein these heterocycies may be substituted by 
alkyl group (e.g. , methyl, ethyl etc.), alkoxy group (e.g., methoxy, ethoxy etc.), halogen atom (e.g., fluorine, chlorine, 
bromine etc.), C^s alkyl thio group (e.g., methylthio, ethylthio etc.) and the like. 

[0062] Examples of the reactive derivative of the sulfonic acid group expressed by R5 include sulfonyl halide (e.g., 
sulfonyl chloride, sulfonyl bromide etc.), sulfonyl azide, acid anhydride thereof, and the like. 
[0063] Examples of the leaving group expressed by X include halogen atom (e.g., chlorine atom, bromine atom, 
iodine atom etc.), alkyl or aryisulfonyloxy group (e.g., methanesulfonyloxy, ethanesutfonyloxy, benzenesulfonyloxy, p- 
toluenesulfonyloxy etc.), and the iike. 

[0064] Examples of the salt of the compound of the formula (I) of the present invention include acid addition salt, 
such as inorganic acid salts (e.g., hydrochloride, sulfate, hydrobromate, phosphate etc.), organic acid salts (e.g., ac- 
etate, trifluoroacetate, succinate, maleate, fumarate, propionate, citrate, tartrate, lactate, oxalate, methanesulfonate, 
p-toluenesulfonate etc.) and the like. The compound may form salts with a base (e.g., alkali metal salts such as po- 
tassium salt, sodium salt, lithium salt etc., alkaline earth metal salts, such as calcium salt, magnesium salt etc. and 
salts with organic base such as ammonium salt, trimethylamine salt, triethylamine salt, tert-butyldimethylamine salt, 
dibenzylmethylamine salt, benzyldimethylamine salt, N,N-dimethylaniline salt, pyridine salt, quinoline salt etc). 
[0065] The compound of the formula (I) and a salt thereof may be a hydrate, all of which including salts and hydrates, 
are to be referred to as compound (I) in the following. 

[0066] The prodrug of the compound (I) means a compound that is converted to compound (I) in the body by reaction 
with an enzyme, gastric acid and the like. 

[0067] Examples of the prodrug of compound (I) when the compound (I) has an amino group include compounds 
wherein the amino group is acylated, alkylated or phosphorated (e.g., compound wherein the amino group of compound 
(I) is eicosanoylated, alanylated, pentylaminocarbonylated, (5-methyl-2-oxo-1,3-dioxolen-4-yl)methoxycarbonylated, 
tetrahydrofuranylated, pyrrol idylmethylated, pivaloyloxymethylated, tert-butylated etc.); when compound (I) has a hy- 
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droxy group, a compound wherein the hydroxy group is acylated, alkylated, phosphorated or bo rated [e.g., compound 
wherein the hydroxy group of compound (I) is acetylated, palmitoylated, propanoylated, pivaloytated, succinylated, 
fumarylated, alanylated, dimethylaminomethylcarbonylated etc.]; when compound (I) has a carboxyl group, a com- 
pound wherein the carboxyl group is esterifled, amidated (e.g., carboxyl group of compound (I) ethyl esterified, phenyl 

s esterified, carboxymethyl esterifled, dimethylaminomethyl esterified, pivaloyloxymethyl esterified, ethoxycarbonyloxye- 
thyl esterified, phthalidyl esterified, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl esterified, cyclohexyloxycarbonylethyl 
esterified, methylamidated etc.); and the like. These compounds can be produced by a method known per se. 
[0068] The prodrug of compound (I) may be of a kind that changes to compound (I) under physiological conditions, 
as described in lyakuhin no Kaihatsu, vol. 7, Molecular Design pp. 163-198, Hirokawa Shoten (1990). 

10 [0069] The prodrug of compound (I) may be as it is or a pharmacologically acceptable salt Examples of such salt 
include, when the prodrug of compound (I) has an acidic group, such as carboxyl group etc., salts with inorganic base 
(e.g., alkali metal such as sodium, potassium etc., alkaline earth metal such as calcium, magnesium etc., transition 
metal such as zinc, iron, copper etc., and the like), salts with organic base (e.g., organic amines such astrimethylamine, 
triethylamine, pyridine, picoline, ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine, N.N'-dibenzyleth- 

15 ylenediamine etc., basic amino acids such as arginine, lysine, ornithine etc., etc.), and the like. 

[0070] When the prodrug of compound (I) has a basic group, such as amino group and the like, the salt is exemplified 
by salts with inorganic acid and organic acid (e.g., hydrochloric acid, nitric acid, sulfuric acid, phosphoric acid, carbonic 
acid, bicarbonic acid, formic acid, acetic acid, propionic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, 
maleic acid, citric acid, succinic acid, malic acid, methanesutfonic acid, benzenesulfonic acid, p-toluenesuffonic acid 

20 etc.), salts with acidic amino acid, such as aspartic acid, glutamic acid etc., and the like. 
[0071] The prodrug of compound (I) may be a hydrate or a non-hydrate. 

[0072] While it has one or more asymmetric carbon(s) in a molecule, both an R configuration compound and an S 

configuration compound due to the asymmetric carbons are encompassed in the present invention. 

[0073] In the present specification, the ■lower" of the lower alkyl group, lower alkoxy group and the like means chain, 

25 branched or cyclic carbon chain having 1 to 6 carbon atoms, unless particularly specified. 

[0074] The compounds of the formulas (II) to (VI), a compound having a basic group or an acidic group can form a 
salt with an acid addition salt or a salt with a base. The salts with these acid addition salts and bases are exemplified 
by those recited with regard to the aforementioned compound (I). In the following, the compounds of the respective 
formulas, inclusive of salts thereof, are to be briefly referred to as a compound (symbol of the formula). For example, 

30 a compound of the formula (II) and a salt thereof are simply referred to as compound (II). 

[0075] The compound (I) can be produced by, for example, the following method and the like. 

Production Method 1 

35 [0076] As shown in the following formulas, compound (II) and compound (III) are reacted to produce compound (I). 



40 




45 

wherein each symbol is as defined above. 

[0077] This reaction generally proceeds in a solvent inert to the reaction. Examples of the solvent include ether 
solvents (e.g., ethyl ether, diisopropyl ether, dimethoxyethane, tetrahydrofuran, dioxane etc.), halogen solvents (e.g., 
dichloromethane, dichloroethane, chloroform etc.), aromatic solvents (e.g., toluene, chlorobenzene, xylene etc.), ac- 

50 etonitrile, N,N-dimethyfformylamide (DMF), acetone, methyl ethyl ketone, dimethyl sulfoxide (DMSO), water and the 
like, which are used alone or in combination. Of these, acetonitrile, dichloromethane, chloroform and the like are pref- 
erable. This reaction is generally carried out by reacting 1 to 5 equivalents, preferably 1 to 3 equivalents, of compound 
(III) with compound (II). The reaction temperature is from -20°C to 50°C, preferably 0 6 C to room temperature, and the 
reaction time is generally from 5 min to 100 h. In this reaction, a co-presence of a base sometimes affords smooth 

55 progress of the reaction. As the base, both inorganic bases and organic bases are effective. Examples of the inorganic 
base include hydroxide, hydride, carbonate, hydrogencarbonate, organic acid salt and the like of alkali metals and 
alkaline earth metals. Particularly, potassium carbonate, sodium carbonate, sodium hydroxide, potassium hydroxide, 
sodium bicarbonate and potassium bicarbonate are preferable. As the organic base, tertiary amines such as triethyl- 
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amine and the like are preferable. Examples of the reactive derivative include acid anhydride, acid halide (e.g., acid 
chloride and acid bromide), active ester and the like, with preference given to acid halide. The amount of use of the 
base is generally 1 to 10 equivalents, preferably 1 to 3 equivalents, relative to compound (II). 
[0078] In the case of acylation from carboxylic acid, 1 equivalent of compound (II) is reacted with 1 to 1 .5 equivalents 
5 of carboxylic acid in an inert solvent (e.g., halogen solvent and acetonltriie) in the presence of 1 to 1 .5 equivalents of 
a dehydrative condensing agent such as dicyciohexylcarbodiimide (DCC) and the like. This reaction generally proceeds 
at room temperature where the reaction time is 0.5 to 24 h. 

[0079] In compound (II) to be used for this method, the divalent chain hydrocarbon group optionally substituted by 
a group other than oxo group, as expressed by E, is a group of the formula: 

10 

— CHj-C— CHj- 
R 8 

15 

wherein R 6 Is a substltuent other than oxo group, for example, the compound can be produced by a method described 
in Synthetic Comm., 1 991 , 20, 31 67-31 80. That is, utilizing the addition reaction of amineamides to unsaturated bond, 
the following method is employed for the production. 

20 



25 




^o wherein each symbol is a as defined above. 

[0080] The substituent other than oxo group expressed by R 6 means the substituent other than oxo group of the 
divalent chain hydrocarbon group optionally having a substituent or substituents other than oxo group, as expressed 
by E. 

[0081] The compound can be obtained by reacting acrolein derivative (VI) and compound (V) and then reacting the 

35 obtained product with compound (VIII) under reducing conditions. The reaction between compound (VI) and compound 
(V) is generally carried out in a solvent inert to the reaction in the presence of a base. Examples of the base include 
1) strong base such as hydride of alkali metal or alkaline earth metal (e.g., lithium hydride, sodium hydride, potassium 
hydride, calcium hydride etc.), amide of alkali metal or alkaline earth metal (e.g., lithiumamide, sodiumamide, lithium 
diisopropylamide, lithium dicyclohexylamide, lithium hexamethylsilazide, sodium hexamethylsilazide, potassium hex- 

40 amethylsilazide etc.), lower alkoxide of alkali metal or alkaline earth metal (e.g., sodium methoxide, sodium ethoxide, 
potassium t-butoxide etc.) and the like, 2) inorganic base such as hydroxide of alkali metal or alkaline earth metal (e! 
g., sodium hydroxide, potassium hydroxide, lithium hydroxide, barium hydroxide etc.), carbonate of alkali metal or 
alkaline earth metal (e.g., sodium carbonate, potassium carbonate, cesium carbonate etc.), hydrogencarbonate of 
alkali metal or alkaline earth metal (e.g., sodium hydrogencarbonate, potassium hydrogencarbonate etc.) and the like, 

45 3) organic base and the like such as amines [e.g., triethylamine, diisopropylethylamine, N-methylmorpholine, dimeth- 
ylaminopyridine, DBU (1 ,8-diazabicyclo[5.4.0]-7-undecen), DBN (1 ,5-diazabicyclo[4.3.0]-non-5-en) etc.] and basic het- 
erocyclic compound (e.g., pyridine, imidazole, 2,6-lutidine etc.), and the like. Examples of the solvent include those 
recited for the reaction of the aforementioned compound (II) and compound (III), which can be used alone or in com- 
bination. By this reaction, compound (VII) is obtained. 

so [0082] Examples of the reducing agent to be used for the reaction of compound (VII) and compound (VIII) include 
sodium borohydride, lithium borohydride, cyanosodium borohydride and the like. These reducing agents are used in 
an amount of generally 1 to 10 equivalents, preferably 1 to 4 equivalents, relative to compound (VII). The reaction 
temperature is from -20°C to 50°C, preferably 0°C - room temperature and the reaction time is 0.5 - 24 h. 
[0083] The catalytic reduction is conducted by a reaction with a catalytic amount of a metal catalyst, such as Raney 

55 Nickel, platinum oxide, metal palladium, palladium-carbon etc. in an inert solvent (e.g., alcohol solvent such as meth- 
anol, ethanol, isopropanol, t-butanol etc.) at room temperature to 100°C at a hydrogen pressure of 1 atrn to 100 atm 
for 1 to 48 h. 

[0084] The compound (II) used for this method can be produced by a method described in, for example, Chem. 
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10 



Pharm. Bull. 47(1) 28-36 (1999), JP-A-56-53654 and the like or a method analogous thereto. 
[0085] The compound (III) to be used for this method can be produced by a method described in, for example, J. 
Am. Chem. Soc., 1950, 72, 1415., J. Am. Chem. Soc., 1952, 74, 4549, J. Org. Chem., 1956, 21, 1087 and the like or 
a method analogous thereto. 

Production Method 2 

[0086] As shown in the following formulas, compound (IV) and compound (V) are reacted to produce compound (I). 

»« u I r. u c V + H-N » 4 ' > / 

R— Nv ^J— G— M— E-X " ™\ , R— N x A — 6 — N — E — N 

(IV) R CV) (|) R R 

wherein each symbol is as defined above. 

[0087] This reaction can be carried out according to the method described in, for example, ORGANIC FUNCTIONAL 

20 GROUP PREPARATIONS, 2nd printing, ACADEMIC PRESS, INC. 

[0088] This reaction is generally carried out in a solvent inert to the reaction. Examples of the solvent include alcohol 
solvents, ether solvents, halogen solvents, aromatic solvents, acetonitrile, N.N-dimethylformamide (DMF), acetone, 
methyl ethyl ketone, dimethyl sulfoxide (DMSO) and the like, which may be used alone or in combination. Of these, 
acetonitrile, dimethylformamide, acetone, ethanol and the like are preferable. The reaction temperature is generalry 

25 from room temperature to 100°C, preferably from room temperature to 50°C and the reaction time is generally from 
0.5 to one day. For this reaction, 1 to 3 equivalents of a base is generally added relative to compound (IV), but it is not 
essential. Examples of the base include the base used for the reaction of the above-mentioned compound (II) and 
compound (III). 

[0089] The compound (IV) used as a starting material for this reaction can be synthesized by a known method using 
30 compound (HI) as a starting material. 

Production Method 3 

[0090] Of the compound (i), a compound wherein E is represented by the formula: 



35 



40 



45 



i 

£• — CH- 

wherein E' is a group E having less one carbon atoms, R 7 is a hydrogen atom or a hydrocarbon group, can be produced 
as shown in the following formulas, wherein compound of the formula (IX) and compound of the formula (V) are reacted 
under reducing conditions to give the compound. 




55 wherein each symbol is as defined above. 

[0091 ] The group expressed by E' which has less one carbon atoms as compared to E is a divalent chain hydrocarbon 
group optionally having a substituent or substituents other than oxo group and has carbon atoms of E less one. Ex- 
amples of the hydrocarbon group expressed by R 7 include unsubstituted alky! group, aryl group, cycloalkyl group and 
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cycloalkenyl group from the alkyl group optionally having a substituent or substituents, aryl group optionally having a 
substituent or substituents, cycloalkyl group optionally having a substituent or substituents and cycloalkenyl group 
optionally having a substituent or substituents, which have been exemplified as the substituents other than oxo group 
of a divalent chain hydrocarbon group optionally having a substituent or substituents other than oxo group, as expressed 
byE. 

[0092] This reaction is carried out generally by reacting compound (IX) and compound (V) in a suitable solvent (e. 
g., water, alcohol, ether, halogen, acetonitrile, mixed solvent of two or more kinds of these etc.), adding an acidic 
substance where necessary, such as acetic acid, trifluoroacetic acid and the like, in the presence of a compound (1 - 
5 equivalents, preferably 1 - 1 .5 equivalents), wherein carbonyl group is added to alkyl group, and a reducing agent. 
The reducing agent and other conditions are the same as those described for the method of Production Method 1 . 
[0093] The compound (IV) used as a starting material for this reaction can be produced by a known method using 
compound (III) as a starting material. 

Production Method 4 

[0094] Of the compound (I), a compound wherein E is represented by the formula: 




wherein E" is a group E having less two carbon atoms and R 8 is a hydrocarbon group, can be produced as shown by 
reacting compound of the formula (X) and compound of the formula (V). 



00 (V) R ^ (O «' «' 

wherein each symbol is as defined above. 

[0095] The group expressed by E" which has less two carbon atoms as compared to E is a divalent chain hydrocarbon 
group optionally having a substituent or substituents other than oxo group and has carbon atoms of E less two. Exam- 
ples of the hydrocarbon group expressed by R 8 include hydrocarbon groups exemplified for R 7 . 
[0096] This reaction is carried out in the presence or absence of a solvent. Examples of the solvent include those 
recited for the reaction of the aforementioned compound (I!) and compound (III). For this reaction, a Lewis acid such 
as anhydrous zinc chloride, anhydrous aluminum chloride, anhydrous iron(ll) chloride, titanium tetrachloride, tin tetra- 
chloride, cobalt chloride, copper(II) chloride, boron trifluoride etherate etc. or the aforementioned base can be used as 
a catalyst to accelerate the reaction. The reaction temperature is generally from -40°C to 1 80° C. 
[0097] The compound (X) used as a starting material for this reaction can be synthesized by a known method using 
compound (III) as a starting material. 

Production Method 5 



[0098] The compound (XI) and compound (XII) are reacted to produce compound (I). 
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+ X' 



:• — e— n. 



(XII) 



/ 




R 



,1 




10 wherein X' is a leaving group and other symbols are as defined above. 

[0099] Examples of the leaving group expressed by X* include those exemplified as the leaving group expressed by X. 
[0100] This reaction can be carried out according to the method of Production Method 2. 

[0101] The compound (XII) used as a starting material for this reaction can be produced from compound (V) by a 
known method. 

is [0102] The compound (XI) used as a starting material for this reaction can be synthesized by reacting compound 
(III) and compound (VIII) according to the method of Production Method 1. 

Production Method 6 

20 [0103] As shown in the following formulas, the compound and compound (XIV) are reacted to produce compound (I). 



30 wherein X" is a leaving group and other symbols are as defined above. 

[0104] Tnis reaction can be carried out according to the method of Production Method 2. Examples of the leaving 
group expressed by X n include those exemplified as the leaving group expressed by X. 

[0105] The compound (I) of the present invention can be combined with different agents for the prophylaxis or treat- 
ment of HIV infectious diseases (particularly, agent for the prophylaxis or treatment of AIDS). In this case, these drugs 

35 are separately or simultaneously mixed with pharmacologically acceptable carriers, excipients, binders, diluents and 
the like and formulated into preparations, which can be administered orally or parenterally as pharmaceutical compo- 
sitions for the prophylaxis or treatment of HIV infectious diseases. When the drugs are separately formulated into 
preparations, respective preparations may be mixed when in use by the use of a diluent and the like before adminis- 
tration. It is also possible to administer respective preparations formulated separately at the same time or separately 

40 at certain time intervals to the same subject. A kit product to administer separately formulated preparations by mixing, 
when in use, by the use of a diluent and the like (e.g., injection kit including ampoules containing respective powder 
drugs, a diluent to mix and dissolve two or more kinds of drugs when in use, and the like), a kit product to administer 
separately formulated preparations at the same time or separately at certain time intervals to the same subject (e.g., 
tablet kit for administering two or more tablets at the same time or separately at certain time intervals, which includes 

45 tablets containing respective drugs placed in the same bag or different bags having, where necessary, a description 
column to note the time of administration of the drug etc.), and the like are also encompassed in the pharmaceutical 
composition of the present Invention. 

[01 06] Specific examples of other agents for the prophylaxis or treatment of HIV infectious diseases, which are used 
in combination with the compound (I) of the present invention, include nucleoside reverse transcriptase inhibitors such 
so as zidovudine, didanosine, zalcftabine, iamivudine, stavudine, abacavir, adefovir, adefovir dipivoxil, fozivudine tidoxil 
and the like; non-nucleoside reverse transcriptase inhibitors such as nevirapine, delavirdine, efavirenz, loviride, immu- 
nocal, oltipraz and the like, inclusive of pharmaceutical agents having antioxidant action such as immunocal, oltipraz 
and the like; protease inhibitors such as saquinavir, ritonavir, indinavir, nelfinavir, amprenavir, palinavir, lasinavir and 
the like; and the like. 

55 [0107] As the nucleoside reverse transcriptase inhibitors, zidovudine, didanosine, zalcitabine, Iamivudine, stavudine 
and the like are preferable, as the non-nucleoside reverse transcriptase inhibitors, nevirapine, delavirdine and the like 
are preferable, and as the protease inhibitor, saquinavir, ritonavir, indinavir, nelfinavir and the like are preferable. 
[0108] The compound (I) of the present invention can be used in combination with the aforementioned protease 
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inhibitors, nucleoside reverse transcriptase inhibitors and the like, as well as, for example, CXCR4 antagonists (e.g., 
AMD-3100 etc.), which are second receptors of T-cell tropic HIV-1, antibodies against HIV-1 surface antigens, and 
HIV-1 vaccines. 

[0109] The compound (I) of the present invention has a CCR antagonistic action, particularly a potent CCR5 antag- 
onistic action. Therefore, the compound is used for the prophylaxis or treatment of various HIV infectious diseases in 
human, such as AIDS. The compound (I) of the present invention is low toxic and can be used safely. 
[0110] The compound (I) of the present invention can be used as a CCR5 antagonist for, for example, an agent for 
the prophylaxis or treatment of AIDS and an agent for suppressing the progress of the disease state of AIDS. 
[0111] While the daily dose of the compound (I) varies depending on the condition and body weight of patients and 
administration route, it is about 5 to 1000 mg, preferably about 10 to 600 mg, more preferably about 10 to 300 mg, 
particularly preferably about 15 to 150 mg, in the amount of the active ingredient [compound (I)] in the case of oral 
administration to an adult (body weight 50 Kg), which is administered once or two to three times a day. 
[0112] When the compound (I) and a reverse transcriptase inhibitor and/or a protease inhibitor are used in combi- 
nation, the dose of the reverse transcriptase inhibitor or the protease inhibitor is appropriately determined within the 
range of not less than about 1/200 to 1/2 and not more than about 2 to 3 times the typical dose. Moreover, when two 
or more kinds of pharmaceutical agents are used in combination, and when one pharmaceutical agent affects metab- 
olism of a different pharmaceutical agent, the dose of each pharmaceutical agent is adjusted as appropriate. In general, 
a dose for a single administration of each pharmaceutical agent is employed. 

[01 13] For example, the general doses of typical reverse transcriptase inhibitors and protease inhibitors are as fol- 
lows. 

zidovudine: 100 mg 
didanosine: 125 - 200 mg 
zalcitabine: 0.75 mg 
lamivudine: 150 mg 
stavudine: 30 - 40 mg 
saquinavir: 600 mg 
ritonavir: 600 mg 
indinavir: 800 mg 
nelfinavin 750 mg 

[0114] Specific embodiments, wherein the compound (I) and a reverse transcriptase inhibitor and/or a protease 
inhibitor are combined, are shown in the following. 

(a) The compound (I) (about 10-300 mg) and zidovudine (about 50 - 200 mg) per an adult (body weight 50 Kg) 
are combined and administered to the same subject. The respective drugs may be administered simultaneously 
or at a time difference of within 1 2 hours. 

(b) The compound (I) (about 1 0 - 300 mg) and saquinavir (about 300 - 1200 mg) per an adutt (body weight 50 Kg) 
are combined and administered to the same subject per an adult (body weight 50 Kg). The respective drugs may 
be administered simultaneously or at a time difference of within 12 hours. 

Most Preferable Embodiment of The Invention 

[0115] The present invention is explained in detail in the following by referring to Examples, Reference Examples, 
Experimental Examples and Formulation Examples. However, these are mere examples and do not limit the present 
invention in any way. 

[0116] The gene manipulation methods described below followed the method described in a textbook (Maniatis et 
al, Molecular Cloning, Cold Spring Harbor Laboratory, 1 989) or a method described in the attached protocol of reagent. 

Example 1 

A/-[3-(4-benzyl-1 -piperidinyl)propyl]-1 -methyl-5-oxo-A/-phenyl-3-pyrrolidinecarboxamide hydrochloride 

[0117] A mixture of the compound (400 mg, purity 80% from 1 H NMR) obtained in Reference Example 3, 4-benzyl- 
piperidine (0.239 ml, 1.4 mmol), potassium iodide (225 mg, 1.4 mmol), potassium carbonate (282 mg, 2.0 mmol), 
acetonitrile (20 ml) was stirred at 1 00°C for 24 h. The reaction mixture was concentrated under reduced pressure and 
water (15 ml) was added to the residue. The mixture was extracted with ethyl acetate (30 mlx3). The organic layer was 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was subjected to 
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column chromatography (silica gel 10 g, ethyl acetate/methanol=1/0-»9/1). The objective fraction was concentrated 
under reduced pressure and the residue was dissolved in diethyl ether. 1N Hydrogen chloride (diethyl ether solution, 
2 ml) was added and the precipitate was filtrated. The precipitate was washed with diethyl ether and dried under 
reduced pressure to give the title compound (282 mg, 0.6 mmol, yield 44%) as a hygroscopic pale-yellow amorphous. 
5 1H NMR (D 2 0) 8 1.35-1 .65 (2H, m), 1.75-2.1 (5H, m), 2.45 (1H, dd, J=8.7, 17.7Hz), 2.55-2.75 (1H, m), 2.63 (2H, d, 
J=6.8Hz), 2.77 (3H, s), 2.8-3.0 (2H, m), 3.0-3.7 (7H, m), 3.75-3.9 (2H, m), 7.2-7.45 (7H ( m), 7.45-7.65 (3H, m). 
Anal. CalcdforC2 7 H3 5 N 3 O 2 .HCI.0.5H 2 O: C, 67.69; H, 7.78; CI, 7.40; N, 8.77. Found: C, 67.58; H, 7.75; CI, 7.17; N, 8.59. 

Example 2 

10 

1 -methyl-S-oxo-Z^phenyl-AHM 1 -piperidinyl)propyl]-3-pyrroiidinecarboxamide hydrochloride 

[01 18] By reactions and purification similar to those in Example 1 using piperidine, the title compound was obtained, 
yield 48%. 

is 1H NMR (D 2 0) 5 1.3-2.1 (BH, m) t 2.46 (1H, dd, J=9.0, 17.2Hz), 2.66 (1H, dd, J=6.0, 17.2Hz), 2.75-3.2 (4H, m), 2.78 
(3H, s), 3.2-3.65 (3H, m), 3.42 (1H, t, J=10.0Hz), 3.57 (1H, dd, J=5.5, 10.0Hz), 3.75-3.95 (2H, m), 7.3-7.4 (2H, m), 
7.5-7.7 (3H, m). 

Anal. Cated for C^H^NaOjj-HCI-O^HgO: C, 62.63; H, 7.99; CI, 9.24; N, 10.96. Found: C, 62.63; H, 7.80; CI, 9.19; N, 
10.99. 

20 

Example 3 

AH3-[cyclohexyl (methyl) amino]propyr}-lH7iethyl-5-oxo-W-phenyl-3-pyrrolidinecarboxamide hydrochloride 

25 [0119] By reactions and purification similarto those in Example 1 using A/-methylcyclohexylamine, the title compound 
was obtained, yield 12%. 

1 H NMR (D 2 0) 6 1 .0-2.1 (12H, m), 2.47 (1 H, dd, J=9.7, 17.1 Hz), 2.65 (1 H, dd, J=6.1 , 1 7.1 Hz), 2.78 (3H+3H, s), 3.0-3.5 
(4H t m), 3.43 (1H, t, J=9.7Hz), 3.57 (1H, dd, J=5.4, 9.7Hz), 3.7^4.0 (2H, m), 7.3-7.45 (2H, m), 7.5-7.65 (3H, m). 
Anal. CalcdforC 22 H 3 3N 3 O 2 -HC|.0.8H 2 O: C, 62.56; H, 8.50; CI, 8.39; N, 9.95. Found: C, 62.46; H, 8.48; CI, 8.34; N, 9.86. 

30 

Example 4 

1-methyl-5-oxo-/^phenyl-AH3-(1,2,^ hydrochloride 

[0120] By reactions and purification similar to those in Example 1 using 1 ,2,3,4-tetrahydroisoquinoline, the title com- 
pound was obtained, yield 39%. 

1 H NMR (D z O) 5 2.0-2.2 (2H, m), 2.44 (1 H, dd, J=9.8, 1 6.8Hz), 2.55-2.75 (1 H, m), 2.77 (3H, s), 3.1 -3.7 (9H, m), 3.75-4.0 
(2H, m), 4.45 (2H, s), 7.15-7.45 (6H, m), 7.45-7.7 (3H, m). 

Anal. CalcdforC 24 H 29 N 3 0 2 .HCM .1H 2 0: C, 64.37; H, 7.25; CI, 7.92; N, 9.38. Found: C, 64.35; H, 7.08; CI, 7.49; N, 9.33. 
Example 5 

1-me%l-5-oxo-A/-phenyl-AH3-(1,2,4,5-teta^ fumarate 

[0121] By reactions and purification similar to those in Example 1 using 1 ,2,4,5-tetrahydro-3H-3-benzoazepine, the 
title compound was obtained, yield 33%. 

1H NMR (D 2 0) 5 1.9-2.15 (2H, m) , 2.45 (1H, dd, J=9.5, 17.9Hz), 2.65 (1H, dd, J=5.7, 17.9Hz), 2.76 (3H, s), 2.95-3.4 
(9H, m), 3.41 (1H, t, J=9.8Hz), 3.56 (1 H, dd, J=5.3, 9.8Hz), 3.6-3.95 (4H, m), 6.62 (2H, s), 7.28 (4H, s), 7.3-7.4 (2H, 
m), 7.45-7.65 (3H, m). 

Anal. Calcd for C^H^^O^^O^O^HgO: C, 66.32; H, 6.79; N, 8.00. Found: C, 66.23; H, 6.71 ; N, 7.95. 
Example 6 

1 -methyl-5-oxo-N-phenyl-/\H3-(4-phenyl-1 -piperidinyl)propyl]-3-pyrrolidinecarboxamide fumarate 

55 

[0122] By reactions and purification similar to those in Example 1 using 4-phenylpiperidine hydrochloride, the title 
compound was obtained, yield 42%. 

1H NMR (D 2 0) 8 1.7-2.3 (6H, m), 2.45 (1H, dd, J=9.0, 17.3Hz), 2.65 (1H, dd, J=5.7, 17.3Hz), 2.77 (3H, s), 2.6-4.0 
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(12H, m), 6.67 (2H, s), 7.25-7.65 (10H, m). 

Anal. Calcd for CseH^NaO^C^O^O.B^O: C, 65.51; H, 7.07; N, 7.64. Found: C, 65.53; H, 6.97; N. 7.65. 
Example 7 

5 

/V-[3-(4-acetamide-4-phenyl-1-piperidinyl)propy^ hydrochloride 

[0123] By reactions and purification similar to those in Example 1 using 4-acetamide-4-phenylpiperidine hydrochlo- 
ride, the title compound was obtained, yield 40%. 
10 1H NMR (D 2 0) 5 1.85-2.8 (8H, m), 2.07 (3H, s), 2.77 (3H, s), 3.1-3.7 (9H, m), 3.7-4.0 (2H, m), 7.25-7.7 (10H, m). 
Anal. Calcd for C2gH36N4O3.HCM.4H2O: C, 62.48; H, 7.45; CI, 6.59; N, 10.41. Found: C, 62.56; H, 7.23; CI, 7.02; N, 
10.11. 

Example 8 

15 

N-[3-(indene-1 -spiro-4'-piperidin-1 '-yl)propyl]-1 -methyl-5-oxo-Af-phenyl-3-pyrrolidinecarboxamide fumarate 

[0124] By reactions and purification similar to those in Example 1 using indene-1-spiro-4'-piperidine, the title com- 
pound was obtained, yield 43%. 
20 1H NMR (D 2 0) 6 1.45-1.65 (2H, m), 1 .95-2.2 (2H, m), 2.3-2.55 (3H, m), 2.67 (1H, dd, J=6.2, 17.2Hz), 2.77 (3H, s), 
3.2-3.45 (5H, m), 3.42 (1H, t, J=9.8Hz), 3.59 (1H, dd, J=5.4, 9.8Hz), 3.65-3.8 (2H, m), 3.8-3.95 (2H, m), 6.63 (2H t s), 
6.97 (1 H, d, J=5.8Hz), 7.02 (1 H, d, J=5.8Hz), 7.25-7.7 (9H, m). 

Anal. Calcd for CggH^NaO^^O^I.OHgO: C, 66.53; H, 6.80; N, 7.27. Found: C, 66.60; H, 6.62; N, 7.30. 
25 Example 9 

N-(344-[hydroxy(diphenyl)methy^ 

[0125] By reactions and purification similar to those in Example 1 using 4-[hydroxy(diphenyl)methyl]piperidine f the 
30 title compound was obtained, yield 51%. 

1 H NMR (CDCI3) 8 1 .35-2.55 (12H, m), 2.6-2.8 (1 H, m), 2.76 (3H, s), 2.8-3.15 (3H, m), 3.17 (1 H, t, J=9.1Hz), 3.55-3.8 
(3H, m), 7.05-7.55 (15H,m). 

Anal. Calcd for C^H^O^O^O: C, 73.88; H, 7.55; N, 7.83. Found: C, 73.81; H, 7.58; N, 7.83. 
35 Example 10 

A/-[3-(4-benzyl-1 -piperazinyi)propyl]-1 -methyl-5-oxo-W-phenyl-3-pyrrolidinecarboxamide dihydrochloride 

[01 26] By reactions and purification similar to those in Example 1 using 1 -benzylpiperazine, the title compound was 
40 obtained, yield 51%. 

1H NMR (D 2 0) 5 1.9-2.1 (2H, m), 2.44 (1H, dd, J=9.2, 17.1Hz), 2.64 (1H, dd, J=6.5, 17.1Hz), 2.76 (3H, s) , 3.15-3.7 
(13H, m), 3.7-4.0 (2H, m), 4.38 (2H, s), 7.3-7.4 (2H, m), 7.45-7.65 (8H, m). 

Anal. Calcd for C26H34N402-2HCM.2H20: C, 59.02; H, 7.31; CI, 13.40; N, 10.59. Found: C, 59.00; H, 7.34; CI, 13.36; 
N, 10.49. 

45 

Example 11 

1 -methyl-5-oxo- W-phenyl-A/-[3-(1 -piperazinyl)propyl) -3-pyrrolidinecarboxamide 

so [0127] W-[3-(4-Benzyl-1 -piperazinyl)propyl]-1 -methyl-5-oxo-/V-phenyI-3-pyrrolidinecarboxamide (463 mg, 1 .1 mmol) 
was dissolved in methanol (10 ml) and palladium hydroxide - carbon (20%, 93 mg) was added and the mixture was 
stirred at room temperature for 1 6 h under a hydrogen atmosphere. An insoluble material was filtrated and the insoluble 
material was washed with methanol. The filtrate was concentrated under reduced pressure to give the title compound 
(364 mg, 1 .1 mmol, yield 99%) as a colorless oil. 

55 1H NMR (CDCI3) 8 1.6-1.85 (2H, m), 2.15-2.6 (9H, m), 2.6-2.9 (3H, m), 2.77 (3H, s) , 2.95-3.2 (1H, m), 3.19 (1H, t, 
J=8.9Hz), 3.64 (1H, dd, J=6.8, 8.9Hz), 3.65-3.8 (2H, m), 7.1-7.2 (2H, m), 7.3-7.55 (3H, m). 
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Example 12 

N- [3-{4-benzoyl-1 -piperazinyl)propyQ-1 -methyl-5-oxo-A/-phenyl-3-pyiTolidinecarboxamide f umarate 

5 [0128] The compound (192 mg, 0.56 mmol) obtained in Example 11 and triethylamine (0.101 ml, 0.72 mmol) were 
dissolved in THF (5 ml) and benzoyl chloride (0.078 ml, 0.67 mmol) was added under ice-cooling and the mixture was 
stirred at the same temperature for 1 h. The reaction mixture was concentrated under reduced pressure and a saturated 
aqueous sodium hydrogencarbonate solution (15 ml) was added. The mixture was extracted with ethyl acetate (30 
mlx3). The organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. 

10 The residue was subjected to column chromatography (silica gel 10 g, ethyl acetate/methanol = 1/0-»9/1-»4/1). The 
objective fraction was concentrated under reduced pressure to give Af-[3-(4-benzoyl-1-piperazinyl)propyl]-1-methyl- 
5-oxo-A/-phenyl-3-pyrrolidinecarboxamide (221 mg, 0.49 mmol). The obtained compound was dissolved in methanol 
and fumaric acid (57 mg, 0.49 mmol) was added. The reaction mixture was concentrated under reduced pressure and 
diethyl ether was added. The precipitate was collected by filtration. The precipitate was washed with diethyl ether and 

is dried under reduced pressure to give the title compound (228 mg, 0.40 mmol, yield 72%) as a hygroscopic pale-yellow 
amorphous. 

1H NMR (D 2 0) 6 1.9-2.15 (2H, m), 2.44 (1H, dd, J=9.0, 17.6Hz), 2.65 (1H, dd, J=6.0, 17.6Hz), 2.76 (3H, s), 3.1-4.0 
(15H, m), 6.63 (2H, s), 7.3-7.4 (2H, m), 7.4-7.65 (8H, m). 

Anal. Cated for C2eH32N4O3.C4H4O4-O.9H2O: C, 62.03; H, 6.56; N, 9.65. Found: C, 61 .97; H, 6.36; N, 9.35. 

20 

Example 13 

/VH3-[4-(4-fluorobenzoyl) -1 -piperidinyQpropy()-1 -methyl-5-oxo-/V-phenyl-3-pyrrolidinecarboxamide 

25 [01 29] By reactions and purification similar to those in Example 1 using 4-(4-fiuorobenzoyl)piperidine hydrochloride, 
the title compound was obtained. 

1H NMR (CDCI3) 8 1.56-1.90 (6H, m), 1.97-2.44 (5H, m), 2.60-2.80 (4H, m), 2.85-3.26 (5H, m), 3.58-3.80 (3H, m), 
7.06-7.20 (4H, m), 7.34-7.53 (3H, m), 7.95 (2H, dd, J=5.1 , 8.8Hz). 

30 Example 14 

AH3-[4-(4-ch!oropheny1)-4-hydroxy-1-piperidi^ 

[0130] By reactions and purification similar to those in Example 1 using 4-(4-chlorophenyl)-4-hydroxypiperidine, the 
35 title compound was obtained. 

1 H NMR (CDCI3) 5 1 .44-1 .95 (7H, m), 2.03-2.91 (10H, m), 2.97-3.25 (3H, m), 3.60-3.84 (3H, m), 7.13-7.54 (9H, m). 

Example 15 

40 /^3-[4-(4-fluorophenyl)-1-ptperaziny0propy0 

[0131] By reactions and purification similar to those in Example 1 using 1 -(4-fluorophenyl)piperazine, the title com- 
pound was obtained. 

1 H NMR (CDCI3) 8 1.56-1.87 (2H, m), 2.16-2.84 (11 H, m), 2.93-3.26 (6H, m), 3.56-3.84 (3H, m), 6.69-7.21 (6H, m), 
45 7.29-7.52 (3H, m) . 

Example 16 

N-{3-[4-(diphenyimethyl)-1 -piperazinyl]propyl}-1-methyl-5-oxo-A/-phenyl-3-pyrrolidinecarboxamide 

50 

[0132] By reactions and purification similar to those in Example 1 using 1 -(diphenylmethyl)piperazine, the title com- 
pound was obtained. 

1 H NMR (CDCI3) 8 1.60-1.86 (2H, m), 2.12-2.50 (11H, m) , 2.58-2.80 (4H, m), 2.94-3.21 (2H, m), 3.55-3.77 (3H, m), 
4.19 (1H, s), 7.07-7.30 (8H, m), 7.33-7.50 (7H, m). 

55 
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Example 17 

/V-{4-[4-(4-f]uorobenzoyl)-1-piperidinyl]buty^^^ 

[01 33] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 
4 and 4-(4-fluorobenzoyl)piperidine hydrochloride, the title compound was obtained, 

1 H NMR (CDCI 3 ) 6 1.39-1.64 (4H, m), 1.71-2.43 (9H, m), 2.60-2.80 (4H, m), 2.86-3.27 (5H, m), 3.59-3.68 (3H m) 

7.06- 7.20 (4H, m), 7.35-7.53 (3H, m), 7.97 (2H, dd, J=5.5, 8.9Hz). 

Example 18 

/V^4-[4-(4-chlorophenyl)-4-hydroxy-1-piperi^^ 

[0134] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 
4 and 4-(4-chlorophenyl)-4-hydroxypiperidine, the title compound was obtained. 

'H NMR (CDCI3) 5 1.42-1.93 (7H, m), 1.97-2.52 (7H, m), 2.56-2.89 (6H, m), 2.95-3.25 (2H, m) , 3.55-3.81 (3H m) 

7.07- 7.20 (2H, m), 7.23-7.56 (7H, m). 1 9 

Example 19 

A/-{4-[4- (4-fluorophenyl)-1 -piperazinyl]butyl}-1 -methyl-5-oxo-/V-phenyl-3-pyrrolidinecarboxamide 

[0135] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 
4 and 1 -(4-fluorophenyl)piperazine, the title compound was obtained. 

1 H NMR (CDCU) 8 1 .46-1 .64 (4H, m) . 2.23 (1H, dd ; J=9.2 : 16.9HzV 2.33-2.46 fPH 3 mV P.S3-2 AO (RH 3 00-3 24 
(6H, m), 3.60-3.B0 (3H, m), 6.81-7.02 (4H, m), 7.11-7.20 (2H, m), 7.35-7.53 (3H, m). 

Example 20 

/V-{4-[4-(diphenylmethyl)-1-piperazinyl]butyl}-1-methyl-5-oxo-W-phenyl-3-pyrrolidinecarboxamide 

[0136] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 

4 and 1 -(diphenylmethyl)piperazine, the title compound was obtained. 

1H NMR (CDCI3) 6 1.35-1.62 (4H, m), 2.08-2.53 (11H, m), 2.58-2.80 (4H, m), 2.93-3.22 (2H, m), 3.54-3.77 (3H m) 
4.20 (1H,s), 7.06-7.51 (15H, m). 1 ■ /. 

Example 21 

AH5-[4-(4-fluorobenzoyl)-1-piperidinyl]pen^ 

[0137] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 

5 and 4-(4-fluorobenzoyl)piperidine hydrochloride, the title compound was obtained. 

1H NMR (CDCI3) 5 1.22-1.63 (6H, m) , 1.68-1.92 (4H, m), 1.97-2.40 (5H, m), 2.60-2.80 (4H, m), 2.91-3.28 (5H m) 
3.58-3.76 (3H, m), 7.06-7.21 (4H, m), 7.35-7.53 (3H, m), 7.96 (2H, dd, J=5.5, 8.8Hz). 

Example 22 

/V-{2-[4-(4-fluorobenzoyl)-1 -piperidinyl]ethyl}-1 -methyl-5-oxo-A/-phenyl-3-pyrrolidinecarboxamide f umarate 

[01 38] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 
6-4 and 4-(4-fluorobenzoy!)piperidine hydrochloride, the title compound was obtained, yield 20% 
1H NMR (D 2 0) 5 1.75-2.3 (4H, m), 2.43 (1H, dd, J=9.4, 17.6Hz), 2.55-2.75 (1H, m), 2.76 (3H, s), 3.05-4.0 (10H m) 
4.05-4.3 (2H, m) , 6.66 (2H, s), 7.29 (2H, t, J=8.8Hz), 7.3-7.45 (2H, m), 7.45-7.65 (3H, m), 8.06 (2H, dd, J=5.5, 6.7Hz) 
Anal. Calcd for C^H M FN30 3 .C 4 H 4 0 4 .1 .5H 2 0: C, 60.60; H, 6.27; N, 7.07. Found: C, 60.68; H, 6.13; N, 7 15 
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Example 23 

Af-{3-(4-benzyl-1 -piperidiny0propyi]-W-(3,4-dichlorophenyI)-1 -methyl-5-oxo-3-pyrrolidinecarooxamide hydrochloride 

5 [01 39] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 
7, the title compound was obtained, yield 69%, 

1H NMR (D 2 0) 8 1.35-1.65 (2H, m), 1.75-2.1 (5H, m), 2.47 (1H, dd, J=9.4, 18.0Hz), 2.55-2.75 (1H, m), 2.65 (2H, d, 
J=7.2Hz), 2.75-3.2 (4H, m), 2.79 (3H, s), 3.2-3.7 (5H, m), 3.7-3.9 (2H, m), 7.25-7.45 (6H, m), 7.63 (1H, d, J=2.2Hz), 
7.72 (1H,d, J=B.4Hz). 

10 Anal. Calcd for C27H33CI2N3O2.HCI O.7H2O: C, 58.80; H, 6.47; CI, 19.28; N, 7.62. Found: C, 58.77; H, 6.41 ; CI, 1 8.91 ; 
N, 7.56. 

Example 24 

15 Af-(3,4-dichlorophenyO-AH3-[4-(4-fluorobenzoyl)-1-piperidinyl)propyl}-1-methyl-^ 
hydrochloride 

[01 40] By reactions and purification similarto those in Example 1 using the compound obtained in Reference Example 
7 and 4-(4-fluorobenzoyI)piperidine hydrochloride, the title compound was obtained, yield 68%. 
20 1H NMR (D 2 0) 5 1.7-2.3 (6H, m), 2.4-2.75 (2H, m), 2.79 (3H, s), 3.0-4.0 (12H, m), 7.2-7.4 (3H, m), 7.6-7.8 (2H, m), 
8.0-8.15 (2H, m). 

Anal. Calcd for C27H30CI2FN3O3.HCI-O.4H2O: C, 56.09; H, 5.54; CI, 18.40; N, 727. Found: C, 56.14; H, 5.66; CI, 17.80; 
N, 7.22. 

25 Example 25 

A/-[3-(4-benzylidene-1 -piperidinyl)propyQ-1 -methyl-5-oxo-A/-phenyl-3-pyrrolidinecarboxamide hydrochloride 

[0141] To a mixture of the compound (274 mg, 1 .0 mmol) obtained in Reference Example 8-2, 4-benzylidenepiperi- 
30 dine hydrochloride (231 mg, 1 .1 0 mmol) and THF (1 0 ml) were successively added triethylamine (0.209 ml, 1 .5 mmol) 
and sodium triacetoxy boro hydride (31 8 mg, 1 .5 mmol), and the mixture was stirred at room temperature for 6 h. A 
saturated aqueous sodium hydrogencarbonate solution (15 ml) and water (10 ml) were added and the mixture was 
extracted with ethyl acetate (20 mlx3). The organic layer was dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure. The residue was subjected to column chromatography (silica gel 1 0 g, ethyl acetate/ 
35 methanol = 1/0-»9/1->6/1). The objective fraction was concentrated under reduced pressure and the residue was 
dissolved in methanol, and 1 N hydrogen chloride (diethyl ether solution, 2 ml) was added. The mixture was concentrated 
under reduced pressure and diethyl ether was added to the residue and the precipitate was collected by filtration. The 
precipitate was washed with diethyl ether and dried under reduced pressure to give the title compound (380 mg, 0.81 
mmol, yield 81%) as a hygroscopic pale-yellow amorphous. 
40 1H NMR (D 2 0) 6 1.9-2.15 (2H, m), 2.3-4.0 (17H, m), 2.78 (3H, s), 6.61 (1H, s), 7.25-7.65 (10H, m). 

Anal. Calcd for C27H33N 3 O2-HCI-0.7H2O: C, 67.47; H, 7.42; CI, 7.38; N, 8.74. Found: C, 67.48; H, 7.44; CI, 7.40; N, 8.70. 

Example 26 

45 1 -methyl-5-oxo-/V-[3-(4-phenoxy-1 -piperidinyl)propyQ-A/-phenyl-3-pyrrolidinecarboxamide hydrochloride 

[0142] By reactions and purification similarto those in Example 25 using 4-phenoxypiperidine hydrochloride, the title 
compound was obtained, yield 78%. 

1H NMR (DMSO-cfe) 8 1.7-2.35 (7H, m), 2.35-2.55 (1H, m), 2.63 (3H, s), 2.85-3.85 (11 H, m), 4.4-4.8 (1H, m) , 6.9-7.1 
50 (3H, m), 7.2-7.6 (7H, m). 

Anal. Calcd for C26H33N 3 03.HC|.0.8H2O: C, 64.20; H, 7.38; CI, 7.29; N, 8.64. Found: C, 64.17; H, 7.50; CI, 7.99; N, 8.66. 

Example 27 

55 1 -methyl-5-oxo-N L phenyl-A^(3-{4-[(E)-2-phenylethenyl]-1 -piperidinyl)propy0-3-pyrrolidinecarboxamide hydrochloride 

[0143] By reactions and purification similar to those in Example 25 using 4-[(£)-2-phenylethenyl]piperidine hydro- 
chloride, the title compound was obtained, yield 89%. 



21 



EP1 180 513 A1 



1H NMR (D 2 0) 6 1.55-1.9 (2H, m), 1.9-2.2 (5H, m), 2.46 (1H, dd, J=9.3, 17.2Hz), 2.66 (1H, dd, J=6.3, 17.2Hz), 2.78 
(3H, s), 2.B5-3.75 (9H, m), 3.75-3.95 (2H, m), 6.30 (1 H, dd, J=6.5, 16.0Hz), 6.56 (1 H, d, J=1 6.0Hz), 7.25-7.65 (10H, m). 
Anal. Calcd forC 2B H 35 N 3 O 2 .HCI.0.6H 2 O: C, 68.23; H, 7.61 ; CI, 7.1 9; N, 8.53. Found: C, 68.1 8; H, 7.44; CI, 7.20; N, 8.52. 

Example 28 

1 -methyl-5-oxo-N-[3-(4-phenethyl-1 -piperldlnyl)propyI]-/V-phenyl-3-pyrrolidinecarboxamide hydrochloride 

[0144] By reactions and purification similar to those in Example 25 using 4-phenethylpiperidine hydrochloride, the 
title compound was obtained, yield 62%. 

1 H NMR (D 2 0) 8 1 .3-1.85 (5H, m), 1.85-2.15 (4H, m), 2.45 (1H, dd, J=8.7, 17.7Hz), 2.55-3.65 (12H, m), 2.77 (3H, s), 
3.75-3.95 (2H, m), 7.2-7.45 (7H, m), 7.5-7.65 (3H, m). 

Anal. Calcd for C2bH3 7 N 3 0 2 .HC|.1 .0H 2 O: C, 66.98; H, 8.03; CI, 7.06; N, 8.37. Found: C, 66.99; H, 8.10; CI, 7.52; N, 8.31 . 
Example 29 

AH3-[4-(benzyIoxy)-1 -piperidinyl]propyl}-1 -methyl-5-oxo-W-phenyi-3-pyrrolidinecarboxamide hydrochloride 

[0145] By reactions and purification similar to those in Example 25 using 4-(benzyloxy)piperidine hydrochloride, the 
title compound was obtained, yield 75%. 

1 H NMR (D 2 0) 5 1.7-2.4 (6H, m), 2.46 (1H, dd, J=8,B, 17.4Hz), 2.66 (1H, dd, J=6.1, 17.4Hz), 2.78 (3H, s), 3.0-3.65 
(9H, m), 3.75-4.0 (3H, m), 4.64 (2H, s), 7.3-7.45 (2H, m), 7.45 (5H, s), 7.5-7.65 (3H, m). 

Anal. Calcd for C 27 H3 5 N 3 O 3 .HC|.0.6H 2 O: C, 65.27; H, 7.55; CI, 7.14; N, 8.46. Found: C, 65.27; H, 7.63; CI, 7.14; N, 8.51 . 
Example 30 

/V-{3-[4-(diphenylmemyl)-1-piperidiny^ fumarate 

[0146] By reactions and purification similar to those in Example 25 using 4-(diphenylmethyI)piperidine hydrochloride, 
the title compound was obtained, yield 70%. 

1 H NMR (DMSO-c%) 5 1.0-1.3 (2H, m), 1.3-1.75 (4H, m), 1.95-2.55 (5H, m), 2.62 (3H, s), 2.8-3.1 (3H, m), 3 13 (1H t 
J=9.2Hz), 3.37 (1 H, dd, J=6.1, 9.2Hz), 3.5-3.7 (4H, m), 3.54 (1H, d, J=11.0Hz) J 6.57 (2H, s), 7.05-7.55 (15H, m). 
Anal. Calcd for C^H^Oa.C^O^O.SHgO: C, 70.41; H, 6.96; N, 6.66. Found: C, 70.48; H, 7.06; N, 6.67. 

Example 31 

/V-[3-(4-benzyl-1 -piperidinyl)propyQ-1 -methyl-/V-(4-methylphenyl)-5-oxo-3-pyrrondinecarboxamide hydrochloride 

[0147] To a mixture of 1 -methyl-5-oxo-3-pyrrolidinecarboxylic acid (358 mg, 2.5 mmol), DMF (0.023 ml) and dichlo- 
romethane (10 ml) was added oxalyl chloride (0.256 ml, 3.0 mmol) under ice-cooling and the mixture was stirred at 
the same temperature for 15 min and 1 h until it reached room temperature. The obtained solution was added to a 
mixture of the compound (395 mg, 1 .0 mmol) obtained in Reference Example 9, triethylamine (1 .39 ml, 1 0 mmol) and 
dichloromethane (1 5 ml) at -20°C with stirring and 1 h until it reached 0°C. A saturated aqueous sodium hydrogencar- 
bonate solution (1 5 ml) was added. The organic solvent was evaporated under reduced pressure and the residue was 
extracted with ethyl acetate (15 mlx3). The organic layer was washed successively with saturated aqueous sodium 
hydrogencarbonate solution (5 mlx3) and saturated brine (5 ml), dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure. The residue was subjected to column chromatography (silica gel 1 0 g, ethyl acetate/ 
methanols /0->9/1 ). The objective fraction was concentrated under reduced pressure and the residue was dissolved 
in methanol. 1N Hydrogen chloride (diethyl ether solution, 2 ml) was added and the mixture was concentrated under 
reduced pressure. Diethyl ether was added to the residue and the precipitate was collected by filtration. The precipitate 
was washed with diethyl ether and dried under reduced pressure to give the title compound (409 mg, 0.84 mmol, yield 
85%) as a hygroscopic pale-yellow amorphous. 

1H NMR (DMSO-d s ) 5 1.3-1.95 (7H, m) , 2.11 (1H, dd, J=9.9, 16.5Hz), 2.3-2.6 (3H, m) , 2.35 (3H, s) , 2.6-3.5 (9H, m), 
2.63 (3H, s), 3.5-3.75 (2H, m) , 7.1 -7.4 (9H, m). 

Anal. CatedforC 2B H 37 N 3 O fe .HC|.0.6H 2 O: C, 67.96; H, 7.98; CI, 7.16; N, 8.49. Found: C, 67.99; H, 7.94; CI, 7.45; N, 8.28. 
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Example 32 

/V{3-(4-benzyMi>iperidinyt)propyO^ hydrochloride 

5 [0148] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 11 , the title compound was obtained, yield 75%. 

1 H NMR (DMSO-dfe) 5 1 .31 (9H, s), 1.35-1.95 (7H, m), 2.11 (1H. dd, J=9.6 f 16.4Hz), 2.35-2.6 (3H, m), 2.6-3.5 (9H, m), 
2.63 (3H. s), 3.55-3.75 (2H, m) , 7.1-7.4 (7H, m), 7.51 (2H, d, J=8.4Hz). 

Anal. CatedforC 31 H43N 3 O2-HC|.0.6H 2 O: C, 69.34; H, B.48; CI, 6.60; N, 7.83. Found: C, 6927; H, 8.52; CI, 6.40; N, 7.82. 

10 

Example 33 

A/-[3-(4-benzyl-1 -piperidiny!)propyl]-AH5-indanyl)-1 -methyl-5-oxo-3-pyrrolidinecarboxamide hydrochloride 

15 [0149] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 12, the title compound was obtained, yield 69%. 

1H NMR (D 2 0) 5 1.44-1.58 (2H, m), 1.88-2.14 (7H, m), 2.44-2.49 (1H, m), 2.60-2.69 (3H, m), 2.77 (3H, s), 2.81-2.98 
(6H, m), 3.06-3.14 (2H, m), 3.28-3.53 (5H, m), 3.76-3.82 (2H, m), 7.08 (1H, d, J=8.2Hz), 7.22-7.43 (7H, m). 
Anal. Calcd for CaoH^NgOjrHCM .5H 2 0: C, 67.08; H, 8.07; N, 7.82. Found: C, 67.19; H, 7.97; N, 8.01. 

20 

Example 34 

AH3-(4-benzyl-1 -piperidinyl)propyQ-N-(4-methoxyphenyl)-1 -methyl-5-oxo-3-pyrrolidinecarboxamide hydrochloride 

25 [0150] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 13, the title compound was obtained, yield 88%. 

1H NMR (D 2 0) 6 1.35-1.65 (2H, m), 1.75-2.1 (5H, m), 2.45 (1H, dd, J=9.7, 17.7Hz), 2.55-2.75 (1H, m), 2.63 (2H, d, 
J=7.0Hz), 2.75-3.0 (2H, m), 2.78 (3H, s), 3.0-3.2 (2H, m), 3.2-3.65 (5H, m), 3.7-3.9 (2H, m), 3.89 (3H, s), 7.13 (2H, d, 
J=8.8Hz), 7.2-7.45 (7H, m). 

30 Anal. Calcd for C28H37N3O3-HCI.0.6H2O: C, 65.83; H, 7.73; CI, 6.94; N, 8.22. Found: C, 65.79; H, 7.70; CI, 6.98; N, 8.06. 
Example 35 

A/-[3-(4-benzyl-1-piperidiny0propyn-r^(3,4-dimethoxyphenyl)-1-methyl-5-oxo-3-pyiTolidin 
35 hydrochloride 

[0151] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 14, the title compound was obtained, yield 78%. 

1H NMR (D 2 0) 6 1.35-1.7 (2H, m), 1.7-2.1 (5H, m), 2.46 (1H, dd, J=8.6, 17.4Hz), 2.55-2.75 (1H, m), 2.63 (2H, d, 
40 J=6.0Hz), 2.75-4.1 (11H, m), 2.79 (3H, s), 3.89 (3H, s), 3.92 (3H, s), 6.9-7.1 (2H, m), 7.15 (1H, d, J=8.2Hz), 7.2-7.5 
(5H, m). 

Anal. Calcd for C^H^NsO^HCLOTHgO: C, 64. 1 8; H, 7.69; CI, 6.53; N, 7.74. Found: C, 64.21 ; H, 7.69; CI, 6.65; N, 7.77. 
Example 36 

45 

AH3-(4-benzyl-1-piperidinyl)propyO-A^(3> hydrochloride 

[0152] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 15, the title compound was obtained, yield 78%. 
50 1H NMR (D 2 0) 6 1.40-1.52 (8H, m), 1.82-2.00 (5H, m), 2.46-2.64 (5H, m), 2.70-2.95 (5H t m), 3.07-3.14 (2H, m), 
3.30-3.56 (6H, m), 4.10-4.22 (4H, m), 6.91-7.02 (2H, m), 7.13-7.1 7 (1H, m), 7.25-7.38 (5H, m). 
Anal. Calcd for Cg^NaO^HCM.OHgO: C, 64.62; H, 8.05; N, 7.29. Found: C, 64.39; H, 8.11; N, 7.42. 

Example 37 

55 

A/-[3-(4-benzyl-1 -piperidinyl)propyl]-A/-(4-chlorophenyl)-1 -methyl-5-oxo-3-pyrrolidinecarboxamide hydrochloride 
[0153] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
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ample 16, the title compound was obtained, yield 86%. 

1 H NMR (D 2 0) 6 1.35-1.65 (2H, m), 1.8-2.1 (5H, m), 2.45 (1H, dd, J=9.6, 17.6Hz), 2.55-2.75 (1H, m), 2.64 (2H, d, 
J=7.2Hz), 2.75-3.65 (9H, m), 2.7B (3H, s), 3.65-3.95 (2H, m), 7.2-7.45 (7H, m), 7.59 (2H, d, J=8.6Hz). 
Anal. Calcd for C^H^CI^O^HCI.O.e^O: C, 62.93; H, 7.08; CI, 13.76; N, 8.15. Found: C, 63.04; H, 7.14; CI, 13.60; 
5 N.8.16. 

Example 38 



10 



/V-[3-(4-benzyM-piperidin^^^ hydrochloride 



[0154] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 1 7, the title compound was obtained, yield 79%. 

1 H NMR (D 2 0) S 1.40-1.55 (2H, m), 1.85-2.03 (5H, m), 2.47-2.95 (9H, m), 3.06-3.59 (7H, m), 3.71-3.85 (2H, m), 
7.25-7.55 (9H, m). 

is Anal. Calcd for C27H34CIN3O2.HCNO.7H2O: C, 62.71 ; H, 7.10; N, 8.13. Found: C, 62.77; H, 7.05; N, 8.24. 
Example 39 



/V-[3-(4-benzyl-1-piperidinyl)propyQ-A^(3,4-difluorophenyl)-1-methyl-5-oxo-3-pyrrolidinecarboxamide hydrochloride 

20 

[0155] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 19, the title compound was obtained, yield 80%. 

1H NMR (D 2 0) 8 1.40-1.55 (2H, m), 1.89-2.00 (5H, m), 2.48-2.64 (4H, m), 2.77-2.94 (5H, m), 3.06-3.14 (2H, m), 
3.30-3.55 (5H, m), 3.73-3.79 (2H, m), 7.20-7.46 (8H, m). 
25 Anal. Calcd for C 27 H x F 2 N 3 O 2 .HOI.0.fiH 2 O: C . fiP.74; H, 6 86; N. ft 13. Found: C, 62.44; H, 6.88; N ft 27. 

Example 40 

N-[3-(4-benzyl-1-piperidiny0prop^^ hydrochloride 

30 

[0156] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 20, the title compound was obtained, yield 63%. 

1H NMR (D 2 0) 5 1.43-1.58 (2H, m), 1.88-1.95 (5H, m), 2.47-2.65 (4H, m), 2.77-2.91 (5H, m), 3.07-3.11 (2H, m), 3.26 
(1 H, m), 3.36-3.55 (4H, m), 3.66-3.82 (2H, m), 7.1 0-7.49 (8H, m). 
35 Anal. Calcd for C 27 H33F 2 N 3 0 2 .HCM .0H 2 O: C, 61 .88; H, 6.92; N, 8.02. Found: C, 62.14; H, 6.95; N, 8.26. 

Example 41 

AH3-(4-benzyl-1i)iperidinyOpropyO^ hydrochloride 

40 

[0157] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 21 , the title compound was obtained, yield 88%. 

1 H NMR (D 2 0) 5 1.40-1.58 (2H, m), 1.76-2.07 (5H, m), 2.50-2.64 (4H, m), 2.71-2.94 (5H, m), 3.08-3.29 (3H, m), 
3.42-3.56 (4H, m), 3.76-3.81 {2H, m), 7.1 9-7.38 (7H, m), 7.53-7.58 (1 H, m) . 
45 Anal. Calcd for C^H^F^O^HCM .1 H 2 0: C, 61 .67; H, 6.94; N, 7.99. Found: C, 61 .52; H, 6.92; N, 8.29. 

Example 42 

/V-[3-(4-benzyl-1-ptperidinyl)propyn^ 
50 hydrochloride 

[0158] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 22, the title compound was obtained, yield 68%. 

1 H NMR (D 2 0) 5 1.40-1.58 (2H, m), 1.89-1.96 (5H, m), 2.47-2.64 (4H, m), 2.77-2.95 (5H, m), 3.01-3.13 (2H, m), 
55 3.32-3.56 (5H, m), 3.73-3.79 (2H, m), 7.25-7.40 (6H, m), 7.55-7.60 (2H, m). 

Anal. Calcd for C 27 H33CIFN 3 O 2 .HCI.0.75H 2 O: C, 60.50; H, 6.39; N, 7.84. Found: C, 60.70; H, 6.71; N, 8.16. 
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Example 43 

AH3-(4-benzyM -piperidinyl)propy!]-1 -methyl-5-oxo-W- (4-trifluoromethy!pheny!)-3-pyrro!idinecart)oxamide 
hydrochloride 

[0159] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 23, the title compound was obtained, yield 70%. 

1 H NMR (DMSO-dfe) 5 1.44-1.57 (2H, m), 1.70-1.85 (5H, m), 2.10-2.21 (2H, m), 2.39-2.54 (3H, m), 2.64 (3H, s), 
2.70-3.05 (4H, m), 3.13-3.45 (4H, m), 3.65-3.75 (2H, m), 7.16-7.34 (5H, m), 7.65-7.69 (2H, m) , 7.B5-7.90 (2H, m). 
Anal. Calcd for C23H34F3N3O2.HCI-O.5H2O: C, 61 .47; H, 6.63; N, 7.68. Found: C, 61 .43; H, 6.73; N, 7.97. 

Example 44 

N-{3-(4-benzyl-1-piperidinyOpropyO-AH3,5-bi^ 
hydrochloride 

[0160] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 24, the title compound was obtained, yield 50%. 

1H NMR (D 2 0) 8 1.44-1.51 (2H, m), 1.89-2.01 (5H, m), 2.45-2.63 (4H, m), 2.69-2.96 (5H, m), 3.08-3.85 (9H, m), 
7.25-7.38 (5H, m), 8.06 (2H, s), 8.26 (1H, s). 

Example 45 

/V-[3-(4-benzyl-1 -piperidinyl)propyl]-1 -methyl-5-oxo-W-(4-trifluoromethoxyphenyl)-3-pyrrolidinecarboxamide 
hydrochloride 

[0161] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 25, the title compound was obtained, yield 60%. 

1H NMR (D 2 0) 5 1 .45-1 .58 (2H, m), 1 .69-1 .85 (5H, m), 2.06-2.19 (2H, m), 2.39-2.54 (3H, m), 2.64 (3H, s), 2.70-3.05 

(4H, m), 3.12-3.46 (4H, m), 3.63-3.71 (2H, m), 7.16-7.34 (5H, m), 7.47-7.61 (4H, m). 

Anal. Calcd for C2BH34F3N3O3.HCI-O.6H2O: C, 59.53; H, 6.46; N, 7.44. Found: C, 59.31; H, 6.54; N, 7.70. 

Example 46 

A/-[3-(4-benzyl-1 -piperidinyl)propyl]-1 -methyl-Af-{1 -naphthyl)-5-oxo-3-pyrrolidinecarboxamide hydrochloride 

[0162] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 26, the title compound was obtained, yield 67%. 

1 H NMR (D 2 0) 6 1.43-1.56 (2H, m), 1.86-2.10 (5H, m), 2.58-2.80 (6H, m), 2.86-3.40 (8H, m), 3.47-3.57 (4H, m), 
7.23-7.40 (5H, m), 7.54-7.82 (5H, m), 8.09-8.13 (2H, m). 

Anal. Cated for Cg^NgOg-HCM.SHgO: C, 68.05; H, 7.55; N, 7.68. Found: C, 67.79; H, 7.47; N, 7.62. 
Example 47 

W-[3-(4-benzyl-1 -piperidinyl)propyI]-N-(3-biphenyl)-1 -methyl-5-oxo-3-pyrrolidinecarboxamide hydrochloride 

[0163] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 27, the title compound was obtained, yield 85%. 

1 H NMR (DMSO-dg) 8 1.3-2.0 {7H, m) , 2.14 (1H, dd, J=9.5, 17.3Hz), 2.4-2.6 (3H ( m), 2.6-3.5 (9H, m), 2.63 (3H, s), 
3.6-3.85 (2H, m), 7.1-7.8 (14H, m). 

Anal. Calcd for C^H^NaO^HCI.O.SHgO: C, 71 .40; H, 7.44; CI, 6.39; N, 7.57. Found: C, 71 .31 ; H, 7.49; CI, 6.37; N, 7.53. 
Example 48 

W-{3-(benzyloxy)pheny0-A/ L [3-(4-benzyl-1-piperidinyl)propyl]-1-methyl-5-oxo-3-pyrrolidinecaro hydrochloride 

[0164] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 28, the title compound was obtained, yield 82%. 
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1 H NMR (DMSO-<4) 8 1.3-1.95 (7H, m), 2.09 (1H, dd, J=10.0, 17.2Hz), 2.35-2.6 (3H, m), 2.6-3.5 (9H, m) t 2.63 (3H, 
s), 3.55-3.75 (2H, m) , 5.17 (2H, s) , 6.9-7.55 (14H, m). 

Anal. CalcdforC34H 41 N 3 O3.HC|.0.5H 2 O: C, 69.78; H, 7.41 ; CI, 6.06; N, 7.18. Found: C, 69.72; H, 7.42; CI, 5.94; N, 7.16. 
Example 49 

A/{4-(benzyloxy)phenyl]-^^ hydrochloride 

[0165] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 29, the title compound was obtained, yield 78%. 

'H NMR (DMSO-ds) 6 1.3-1.95 (7H t m) , 2.10 (1H, dd, J=9.4, 16.8Hz), 2.35-2.6 (3H, m), 2.6-3.5 (9H, m), 2.63 (3H, s), 
3.5-3.75 (2H, m), 5.13 (2H, s), 7.05-7.55 (14H, m). 

Anal. CalcdforC34H 41 N3O3.HC|.0.6H 2 O: C, 69.57; H, 7.42; CI, 6.04; N, 7.16. Found: C, 69.60; H, 7.38; CI, 6.14; N, 7.18. 
Example 50 

/V-[3-(4-benzyl-1-piperidinyl)propyG-A^phenyl-trans-4-cotininecarboxamide dihydrochloride 

[0166] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 10 and trans-4-cotininecarboxylic acid, the title compound was obtained, yield 93%. 

1 H NMR (D s O) 6 1.42-1.48 (2H, m), 1.83-1.95 (5H, m), 2.60-2.63 (5H, m), 2.69-2.92 (5H, m), 3.02-3.60 (6H, m), 5.04 
(1H, d, J=6.0Hz), 7.24-7.41 (10H, m), 7.97 (1H, t, J=7.4Hz), 8.24 (1H, d, J=8.4Hz), 8.55 (1H, d, J=1.8Hz), 8.77 (1H, 
d,J=5.2Hz). / \ . 

Anal. Calcd for C32H3aN4O2.2HCI-l.5H2O: C, 62.94; H, 7.10; N, 9.18. Found: C, 62.80; H, 7.29; N, 8.88. 
Example 51 

1 -benzyl-/V-[3-(4-benzyl-1 -piperidinyl)propyl]-5-oxo-A^phenyl-3-pyrrolidinecarboxamide 

[0167] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 44, the title compound was obtained, yield 68% (oil). 

'H NMR (CDCI3) 6 1 .15-1 .33 (2H t m), 1 .40-1 .86 (7H, m), 2.23-2.36 (3H, m), 2.50 (2H, d, J= 6.6 Hz), 2.68-2 90 (3H 
m), 2.92-3.12 (2H, m), 3.53 (1H, dd, J = 7.6, 5.4 Hz), 3.64-3.72 (2H, m), 4.33 (1H, d, J = 14.6 Hz), 4 43 (1H d J = 
14.6 Hz), 7.00-7.30 (15H,m). 

Anal. Calcd for 033^9^02-0.5^0: C, 76.41; H, 7.77; N, 8.10. Found: C, 76.37; H, 7.63; N, 8.23. 
Example 52 

A/-[3-(4-benzyl-1 -piperidinyl)propyl]-5-oxo-A/, 1 -diphenyl-3i3yrrolidinecarboxamide 

[0168] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 43, the title compound was obtained, yield 62% (oil). 

1 H NMR (CDCI3) 5 1.10-2.00 (9H, m) , 2.27-2.45 (3H, m), 2.51 (2H, d, J = 6.6 Hz), 2.81-2.99 (3H, m), 3.10-3.27 (1H 

m) ( 3.62 (1H, t, J = 9.0 Hz), 3.71-3.79 (2H, m), 4.18 (1H, t, J = 9.0 Hz), 7.09-7.53 (15H, m). 

Anal. Calcd for C^HayNgOg-O.SHgO: C, 76.16; H, 7.59; N, 8.33. Found: C, 75.91; H, 7.85; N, 8.35. 

Example 53 

AH3-(4-benzyl-1-piperidinyl)propyn-1-cycloh 

[0169] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 1 0 and Reference Example 45, the title compound was obtained, yield 57% (oil) . 

1H NMR (CDCI3) 8 1.00-1.86 (19H, m), 2.15-2.32 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.58-2.70 (1H, m), 2.67-3.06 (3H 
m), 3.18 (1H, t, J = 9.0 Hz), 3.56-3.94 (4H, m), 7.10-7.50 (10H, m). 

Ana!. Calcd for CsaH^NaO^O.SHgO: C, 75.26; H, 8.68; N, 8.23. Found: C, 75.19; H, 8.37; N, 8.32. 
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Example 54 

AH3-(4-benzyM -piperidinyl)propyl]-1 -butyl-5-oxo-W-phenyi-3-pyrrolidinecarboxamide 

5 [0170] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 46, the title compound was obtained, yield 46% (oil). 

1 H NMR (CDCI3) 6 0.88 (3H, t, J = 7.2 Hz), 1.05-1.90 (13H, m), 2.22 (1H, dd, J = 16.8, 8.8 Hz), 2.28 (2H, t, J = 7.4 
Hz), 2.50 (2H, d, J = 6.6 Hz), 2.66 (1H, dd, J = 16.8, 8.6 Hz), 2.75-2.90 (2H, m), 2.94-3.45 (4H, m), 3.62-3.75 (3H, m), 
7.10-7.50(1 OH, m). 

10 Anal. Calcd for C^H^NaO^O^O: C, 74.34; H, 8.73; N, 8.67. Found: C, 74.60; H, 8.77; N, 8.89. 
Example 55 

AK3-(4-benzyl-1-piperidinyl)propyG-5-oxo-1-phenethyl-W-phenyl-3-pyrrolidinecarboxamide 

15 

[0171] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 47, the title compound was obtained, yield 59% (oil). 

1H NMR (CDCl 3 ) S 1.12-1.37 (2H, m), 1.38-1.90 (7H, m), 2.13-2.31 (3H, m), 2.51 (2H, d, J = 6.6 Hz), 2.61-2.85 (5H, 
m), 2.92-3.06 (2H, m), 3.44 (2H, t like, J = 7.4 Hz), 3.54-3.59 (1 H, m), 3.69 (2H, t like, J = 7.4 Hz), 7.07-7.44 (15H, m). 

20 

Example 56 

/^3-(4-benzyl-1-piperidiny0propyQ-5-oxo-A^phenyl-1-(3-phenylpropyl)-3-pyrrolidinecarboxami 

25 [0172] By reactions and purification similar to those in Example 31 using the compounds obtained In Reference 
Example 10 and Reference Example 48, the title compound was obtained, yield 84% (oil). 

1 H NMR (CDCI3) 5 1 .1 0-1 .31 (2H, m), 1 .35-1 .91 (9H, m), 2.1 3-2.32 (3H, m), 2.49-2.71 (5H, m), 2.B0-3.03 (3H, m), 3.13 
(1H, t, J = 9.0 Hz), 3.22-3.43 (2H, m), 3.59-3.74 (3H, m), 7.10-7.48 (15H, m). 

30 Example 57 

AH3-(4-benzyl-1 -piperidinyOpropyQ-1 -(4-m^ 

[0173] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
35 Example 1 0 and Reference Example 49, the title compound was obtained, yield 81% (oil). 

1H NMR (CDCI3) 5 1.15-1.85 (9H, m), 2.05-2.34 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.65-2.83 (3H, m), 2.94-3.10 (2H, 
m), 3.51 (1H, dd, J = 8.0, 5.8 Hz), 3.64-3.72 (2H, m), 3.78 (3H, s), 4.27 (1H, d, J - 14.8 Hz), 4.36 (1H, d, J = 14.8 Hz), 
6.80-6.86 (2H, m), 7.07-7.45 (12H, m). 

40 Example 58 

A/-[3-(4-benzyl-1-piperidinyl)propyl]-5-oxo-W-phenyl-3-pyrrolldinecarboxamide 

[0174] To a mixed solution of the compound (65 mg, 0.12 mmoi) obtained in Example 57 in acetonitrile/water (1 .5 
45 mL/0.5 mL) was added CAN (1 32 mg, 0.24 mmol) at 0°C and the mixture was stirred at room temperature for 1 h. CAN 
(66 mg, 0.12 mmol) was added and the mixture was stirred at room temperature for 1 4 h. Water (5 mL) was added to 
the reaction mixture and the mixture was extracted with ethyl acetate (1 0 ml_x2). The organic layer was washed with 
saturated aqueous sodium hydrogencarbonate solution (10 mL), dried over anhydrous magnesium sulfate, filtrated 
and concentrated under reduced pressure. The obtained oil was purified by column chromatography (basic alumina 
so activity ill, 20 g, eluted with ethyl acetate/methanol = 9/1 ) to give the title compound (25 mg, 50%, oil). 

1H NMR (CDCI3) 6 1.10-1.33 (2H, m), 1.38-1.87 (7H, m), 2.08-2.32 (3H, m), 2.51 (2H, d, J = 6.6 Hz), 2.59-2.85 (3H, 
m), 3.09-3.28 (2H, m), 3.55-3.75 (3H, m), 5.42 (1 H, br), 7.10-7.49 (10H, m). 
MS m/z = 420 (MH+). 
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Example 59 

1-benzyl-AH3-(4-benzyl-1-piperidinyl)p^ 

[0175] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 18 and Reference Example 44, the title compound was obtained, yield 58% (oil). 

1 H NMR (CDCI 3 ) 6 1.10-1.38 (2H, m), 1.38-1.86 (7H, m), 2.22-2.40 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2 66-2 82 (3H 
m), 2.90-3.15 (2H, m), 3.45-3.70 (3H, m), 4.34 (1 H, d, J = 14.8 Hz), 4.46 (1H, d, J = 14.8 Hz), 6.97 (1H, dd, J = 8 6 
2.6 Hz), 7.10-7.40 (11 H, m), 7.49 (1 H, d, J = 8.6 Hz). 

Example 60 

/V{3-(4-benzyl-1 -piperidinyl)propy 

[0176] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 18 and Reference Example 47, the title compound was obtained, yield 40% (oil). 

1H NMR (CDCI3) 8 1.10-1.35 (2H, m), 1.37-1.87 (7H, m), 2.17-2.30 (3H, m), 2.51 (2H, d, J = 6.6 Hz), 2.61-3.04 (6H 
m), 3.41-3.55 (4H, m), 3.62-3.69 (2H, m), 6.96 (1H, dd, J = 8.8, 2.6 Hz), 7.11-7.31 (11H, m), 7.51 (1H, d, J = 8.8 Hz)! 

Example 61 

AH3-(4-benzyMi>iperidlny0propyQ-^^ 

[0177] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 18 and Reference Example 48, the title compound was obtained, yield 75% (oil). 

'H NMR (CDCI3) 8 1.10-1 .37 (2H, m), 1 .38-1 .85 (9H, m), 2.15-2.30 (3H, m), 2.49-2.68 (5H, m), 2.78-2.98 (3H, m) 3 16 
(1 H, t, J = 9.0 Hz), 3.29 (2H, t, J = 7.0 Hz), 3.58-3.71 (3H, m), 7.00 (1 H, dd, J = 8.4, 2.6 Hz), 7.03-7.31 (11 H, m)' 7 53 



Example 62 

W-benzyl-A^[3-(443enzy!-1-piperidinyi)propyl]-1-methyl-5-oxO"3-pyrrolidinecart)oxamide 

[0178] To a solution of the compound (200 mg, 0.62 mmol) obtained in Reference Example 32 in acetonitriie (6 mL) 
were added 1 -methyl-5-oxo-3-pyrrolidinecarboxylic acid (89 mg, 0.62 mmol) and, 1 -hydroxybenzotriazole monohydrate 
(1 04 mg, 0.68 mmol), and dicyclohexylcarbodiimide (1 41 mg, 0.68 mmol) was added. This mixture was stirred at 80°C 
for 1 h. After cooling, the reaction mixture was concentrated under reduced pressure, and ethyl acetate (20 mL) was 
added, and an insoluble material was filtered off. The mother liquor was washed with 2N aqueous sodium hydroxide 
solution (5 mL), dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The obtained oil 
was purified by column chromatography (basic alumina activity III, 35 g, eluted with ethyl acetate ) to give the title 
compound (125 mg, 45%, oil). 

1 H NMR (CDCI3) (ca. 1:1 isomer mixture) 8 1.10-1.40 (2H, m) , 1.41-1.88 (7H, m), 2.19-2.78 (8H, m), 2.80 (1 5H s) 
2.88 (1.5H, s), 3.21-3.82 (5H, m), 4.48-4.73 (2H, m), 7.11-7.37 (10H, m). 

Anal. Calcd for C 28 H3 7 N 3 O 2 .0.25H 2 O: C, 74.38; H, 8.36; N, 9.29. Found: C, 74.38; H, 8.49; N, 9.09. 
Example 63 

N-[3-(4-benzyl-1-piperidiny0propyQ^ 

[0179] By reactions and purification similar to those in Example 62 using the compounds obtained in Reference 
Example 33, the title compound was obtained, yield 45% (oil). 

1H NMR (CDCI3) 8 1.10-2.00 (11 H f m), 2.18-2.90 (9H, m), 3.20-3.83 (5H, m), 4.32 (1H, d, J = 14.4 Hz) 4 41 (1H s) 
4.69 (1H, d, J = 14.4 Hz), 6.69-6.76 (2H, m), 6.90 (1H, d, J = 8.4 Hz), 7.02 (1H, d, J = 8.4 Hz), 7.11-7.32 (5H, m).' 
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Example 64 

AH3-(4-benzyl-1 -piperidinyl)propy!J-1 -methyl- AH 1 -naphthylmethyI)-5-oxo-3-pyrrolidinecarboxamicfe 

[0180] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 34, the title compound was obtained, yield 87% (oil). 

1 H NMR (CDCI3) (ca. 0.4:0.6 isomer mixture) 5 1.10-1.38 (2H, m), 1.39-1.93 (7H, m), 2.17 (0.60X2H, t like, J = 6.8 
Hz), 2.32 (0.40X2H, t like, J = 7.4 Hz), 2.49-3.00 (9H, m), 3.10-3.83 (5H, m), 5.00-5.23 (2H, m), 7.11-7.60 (9H, m), 
7.80-8.00 (3H, m) . 

Example 65 

A^[3-(4-benzyl-1 -piperidinyOpropyO-1 -methyl 

[0181] By reactions and purification similar to those in Example 62 using the compounds obtained in Reference 
Example 35, the title compound was obtained, yield 64% (oil). 

iH NMR (CDCI3) (ca. 1:1 isomer mixture) 6 1.06-2.00 (9H, m), 2.17-2.34 (2H, m), 2.41-2.56 (3H, m), 2.60-2.89 (6H, 
m), 3.20-3.84 (5H, m) t 4.66-4.89 (2H, m), 7.11-7.88 (12H, m). 

Example 66 

AJ-[3-(4-benzyM -piperidinyOpropyO-M (2 ,3-dihydro-lH -indent 

[0182] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 41 , the title compound was obtained, yield 54% (oil). 

1 H NMR (CDCI3) (ca. 1:1 isomer mixture) 5 1 .00-1 .90 (9H, m), 2.14-2.30 (2H, m), 2.50 (2H, d, J = 6.2Hz), 2.59-2.80 
(4H, m), 2.86 (0.5X3H, s), 2.87 (0.5X3H, s), 2.98-3.17 (4H, m), 3.20-3.30 (2H, m), 3.40-3.59 (2H, m), 3.69-3.82 (1H, 
m), 4.60-4.80 (0.5H, m), 5.01-5.16 (0.5H, m), 7.10-7.27 (9H, m). 

Example 67 

/V-benzyl-/V-{3-[4-(4-chloropheny0^ 

[0183] By reactions and purification similar to those in Example 62 using the compounds obtained in Reference 
Example 36, the title compound was obtained, yield 54% (oil). 

1 H NMR (CDCI3) (ca. 0.4:0.6 isomer mixture) 6* 1.60-1.90 (5H, m), 1.90-2.20 (2H, m), 2.30-2.53 (5H, m), 2.60-2.80 
(3H, m), 2.82 (0.6X3H, s), 2.87 (0.4X3H, s), 3.27-3.90 (5H, m), 4.54-4.75 (2H, m) , 7.13-7.46 (9H, m). 

Example 68 

AH3-[4-(4-chlorophenyl)-4-hydroxy-1-piperi 

[0184] By reactions and purification similar to those in Example 62 using the compounds obtained in Reference 
Example 37, the title compound was obtained, yield 11% (oil). 

1 H NMR (CDCI3) (ca. 0.35:0.65 isomer mixture) 6 1.18 (0.35X6H, d, J = 7.0 Hz), 1.24 (0.65X6H, d, J = 7.0 Hz), 
1.60-1.90 (4H, m), 2.00-2.23 (2H, m), 2.40-2.95 (11+0.65H, m), 3.24 (2H, dd, J = 10.0, 6.0 Hz), 3.38-3.55 (2+0.35H, 
m), 3.60-3.85 (1H, m), 3.90-4.10 (0.65H, m), 4.55-4.70 (0.35H, m), 7.28-7.50 (4H, m). 

Example 69 

AH3-[4-(4-chlorophenyl)-4-hydroxy-1 -plperidinyl]propyl}-/V-cyclohexyl-1-methyl-5-oxo-3-pyrrolidinecarboxamide 

[0185] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 38, the title compound was obtained, yield 57% (oil). 

1 H NMR (CDCI3) 6 1 .00-2.20 (15H, m), 2.37-3.00 (12H, m), 3.15-4.40 (7H, m), 7.29-7.48 (4H, m). 
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Example 70 

AH3-[4-(4^hlorophenyl)^-hydro 

[0186] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 39, the title compound was obtained, yield 77% (oil). 

1 H NMR (CDCI3) (ca. 0.3:0.7 isomer mixture) 8 0.80-2.00 (11 H, m), 2.02-2.20 (2H, m), 2.30-2.80 (9H, m), 2.85 (3H, 
s), 3.1 5-3.35 (2H, m), 3.37-3.55 (3H r m), 3.57-3.85 (1 H, m), 3.95-4.20 (0.7H, m), 4.35-4.60 (0.3H, m) , 7.29-7.50 (4H, m). 

Example 71 

AH3-[4-(4-fluorobenzoyl)-1-piperidinyl]-2-hy^ 

[0187] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 42, the title compound was obtained, yield 50% (oil). 

1 H NMR (CDCI3) 8 1 .76-2.50 (9H, m), 2.61-3.26 (6H, m), 2.78 (3H, s), 3.51-4.01 (5H, m) , 7.10-7.46 (7H, m), 7.92-B.00 
(2H, m). Mass : MH + = 482 

Example 72 

1 -benzyl-/V-[3-(4-benzyl-1 -piperidinyl)propyl]-/V-(1 -naphthylmethyl)-5-oxo-3-pyrrolidinecarboxamide 

[0188] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 44, the title compound was obtained, yield 82% (oil). 

1 H NMR (CDCI3) (ca. 0.4:0.6 isomer mixture) 8 1 .00-1 .35 (2H, m), 1 .36-1 .90 (7H, m), 2.14 (0.60X2H, t like, J = 6.6 
Hz), 2.29 (0.40X2H, t like, J = 7.5 Hz), 2.49 (2H, d, J = 6.6 Hz), 2.55-2.97 (4H, m), 3.09-3.70 (5H, m), 4.30-4.67 (2H, 
m), 5.02 (0.8H, s), 5.09 (1 .2H, s), 7.11-7.60 (14H, m), 7.78-7.95 (3H, m). 

Example 73 

/V-[3-(4-benzyM -piperidinyl)propyfl-1 ^ 

[0189] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 52, the title compound was obtained, yield 70% (oil). 

1 H NMR (CDCI3) 8 0.80-1.03 (2H, m), 1.04-1.38 (5H, m), 1 .39-1.90 (13H, m), 2.16-2.32 (3H, m), 2.51 (2H, d, J = 6.6 
Hz), 2.61-3.20 (7H, m), 3.63-3.75 (3H, m), 7.10-7.50 (10H, m). 

Example 74 

/V-[3-(4-benzyl-1 -piperidinyl)propyl]-1 -(4-fiuorobenzyl)-5-oxo-N-phenyl-3-pyrroiidinecarboxamide 

[0190] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 51 , the title compound was obtained, yield 82% (oil). 

1 H NMR (CDCI3) 8 1 .1 0-1 .38 (2H, m), 1 .39-1 .85 (7H, m), 2.23-2.36 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.66-2.80 (3H, 
m), 2.96-3.10 (2H, m), 3.45-3.72 (3H, m), 4.35 (2H, s), 6.94-7.50 (14H, m). 

Example 75 

A/-[3-(4-benzyl-1 -piperidinyl)propyl]-5-oxo-W-phenyl-1-(4-pyridylmethyl)-3-pyrrolidinecarboxamide 

[0191] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 50, the title compound was obtained, yield 63% (oil). 

1H NMR (CDCI3) 8 1.00-1.86 (9H, m), 2.24-2.41 (3H, m), 2.50 (2H, d, J = 6.2 Hz), 2.70-2.90 (3H, m), 3.02-3.15 (2H, 
m), 3.50-3.74 (3H, m), 4.40 (2H, s), 7.05-7.50 (12H, m), 8.55 (2H, d, J = 5.8 Hz). 
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Example 76 

N^3-(4-benzyl-1 -piperidinyOpropyO-1 -(2k^ 

[0192] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 53, the title compound was obtained, yield 72% (oil). 

1 H NMR (CDCI3) 5 1.1-1.35 (2H, m), 1.35-1.85 (7H, m), 2.23-2.37 (3H, m), 2.50 (2H t d, J = 6.6 Hz), 2.69-2.90 (3H, m), 

2.96- 3.18 (2H, m), 3.58 (1H, dd, J = 8.4, 6.2 Hz), 3.69 (2H, t, J = 7.8 Hz), 4.48 (1H, d, J = 15.2 Hz), 4.58 (1H, d, J = 
15.2 Hz), 7.10-7.64 (14H, m). 

Example 77 

N^3-(4-benzyl-1-piperidiny0propyQ-1-(3-chlorobenzyl)-5-oxo-N-phenyl-3i)yrroIidinec»rDoxamide 

[0193] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 54, the title compound was obtained, yield 81% (oil). 

1H NMR (CDCI3) 81.1-1 .9 (9H, m), 2.23-2.37 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.67-2.83 (3H, m), 2.98-3.12 (2H, m), 
3.5-3.6 (1H, m), 3.69 (2H, t like, J = 7.6 Hz), 4.30 (1H, d, J = 14.6 Hz), 4.41 (1H, d, J = 14.6 Hz), 7.0-7.5 (14H, m). 

Example 78 

N-[3-(4-benzyl-1 -piperidiny!)propyl]-1 -(4-chlorobenzyl)-5-oxo-N-phenyl-3-pyrrolidinecarboxamide 

[0194] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 55, the title compound was obtained, yield 78% (oil). 

1 H NMR (CDCI3) 8 1.1-1.9 (9H, m), 2.23-2.36 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.67-2.83 (3H, m), 2.96-3.10 (2H r m), 
3.5-3.6 (1H, m), 3.69 (2H, t like, J = 7.4 Hz), 4.35 (2H, s), 7.0-7.5 (14H, m). 

Example 79 

N-{3-(4-benzyl-1-piperidiny0propy0-5-oxo-N-phenyN 

[0195] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 56, the title compound was obtained, yield 63% (oil). 

1H NMR (CDCI3) 8 1.15-1.30 (2H, m), 1.35-1.85 (7H, m), 2.23-2.38 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.68-2.90 (3H, 
m), 2.99-3.13 (2H, m), 3.50-3.73 (3H, m), 4.44 (2H, s), 7.08-7.50 (12H, m), 7.57 (2H, d, J = 8.4 Hz). 

Example 80 

N-[3-(4-benzyl-1-piperidiny0propy0-1-(2-moroholinoethyl)-5-oxo-N-phenyl-3-pyrrolidinecarboxamide 

[0196] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 57, the title compound was obtained, yield 74% (oil). 

1 H NMR (CDCI3) 8 1.0-1.9 (11H, m), 2.16-2.52 (10H, m), 2.68 (1H, dd, J = 17.0, 8.8 Hz), 2.82 (2H, br d, J = 11 .4 Hz), 

2.97- 3.10 (1H, m), 3.22-3.50 (3H, m), 3.50-3.80 (6H, m), 7.0-7.6 (10H, m). 

Example 81 

N^3-(4-benzyl-1-piperidiny0propyn-1-(2-furytmethyl)-5-oxo-N-phenyl-3-pyrrolidinecarboxamide 

[0197] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 1 0 and Reference Example 58, the title compound was obtained, yield 18% (oil). 

1 H NMR (CDCI3) 8 1.15-1.33 (2H, m), 1.40-1.86 (7H, m), 2.19-2.31 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.68 (1H, t, J = 
8.8 Hz), 2.81 (2H, br d, J = 11.4 Hz), 2.92-3.10 (1H, m), 3.18 (1H, t, J = 8.8 Hz), 3.57-3.73 (3H, m), 4.31 (1H, d, J = 
15.4 Hz), 4.44 (1H, d, J = 15.4 Hz), 6.20-6.30 (2H, m), 7.10-7.50 (11 H, m) . 
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Example 82 

N-[3-(4-benzyl-1-piperidinyl)propyO-1-(4-methylbenzyl)-5-oxo-N-phenyI-3-pyrrolidin 

[0198] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 59, the title compound was obtained, yield 40% (oil). 

1 H NMR (CDCI 3 ) 5 1.1-1.37 (2H, m), 1.37-1.88 (7H, m), 2.32 (3H, s), 2.21-2.37 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 
2.66-2.88 (3H, m), 2.95-3.15 (2H, m), 3.45-3.60 (1H, m), 3.65 (2H, t like, J = 8.0 Hz), 4.44 (2H, s), 7.05-7.60 (14H, m). 

Example 83 

N-{3-[4-(4-fluorobenzyl)-1-piperidiny0propyQ-1-methyl-5-oxo-N-phenyl-3-pyn'olidinecarboxamide hydrochloride 

[0199] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 64, the title compound was obtained, yield 43% (oil). 

1H NMR (CDCI3) 6 1 .3-1 .7 (2H, m), 1 .75-2.10 (5H, m), 2.31 (1H, dd, J = 17.2, 9.6 Hz), 2.56-2.71 (3H, m), 2.77 (3H, s), 
2.92 (2H, t like, J = 12.4 Hz), 3.09-3.36 (4H, m), 3.53-3.70 (3H, m), 3.70-3.90 (2H, m), 6.97-7.1 0 (2H, m), 7.17-7.24 
(2H, m), 7.34-7.60 (5H, m). 

Example 84 

N-(3,4-dichlorophenyl)-N-{3-[4- (4-fluorobenzyl)-1-piperidinyl]propyQ-1-methyl-5-oxo-3-pyrrolidinecarboxamide 
hydrochloride 

[0200] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 65, the title compound was obtained, yield 65% (oil). 

1 H NMR (CD3OD) 8 1 .4-1 .7 (2H, m), 1 .70-2.10 (5H, m), 2.36 (1 H, dd, J = 17.2, 9.8 Hz), 2.50-2.70 (3H, m), 2.78 (3H, 
s), 2.92 (2H, t like, J = 12.0 Hz), 3.08-3.60 (4H, m), 3.50-3.70 (3H, m), 3.70-3.90 (2H, m), 7.02 (2H, t, J = 8.8 Hz), 
7.17-7.24 (2H, m), 7.35 (1H, dd, J = 8.4, 2.2 Hz), 7.68-7.72 (2H, m). 

Example 85 

1-benzyl-N-t3-(4-benzyl-1-piperidinyl)propyi]-N-(3-chlorophenyl)-5-oxo-3-pyrrolidinecarboxamide 

[0201] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 1 7 and Reference Example 44, the title compound was obtained, yield 39% (oil). 

1 H NMR (CDCI3) 6 1 .1 0-1 .30 (2H, m), 1 .30-1 .85 (7H, m), 2.23-2.38 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.68-2.85 (3H, 
m), 2.96-3.13 (2H, m), 3.48-3.70 (3H, m), 4.48 (2H, s), 7.08-7.60 (14H, m). 

Example 86 

N-[3-(4-benzyl-1-piperidinyl)propyl]-1-(2,6-difluorobenzyl)-5-oxo-N-phenyl-3-pyrrolidinecarboxamide 

[0202] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 10 and Reference Example 60, the title compound was obtained, yield 76% (oil). 

1H NMR (CDCI3) 5 1 .2-1 .9 (9H, m), 2.23-2.30 (3H, m), 2.51 (2H, d, J = 6.6 Hz), 2.60-2.73 (1 H, m), 2.81 (2H, br d, J = 
11.0 Hz), 2.95-3.14 (2H, m), 3.55 (1H, t, J = 7.7 Hz), 3.68 (2H, t like, J = 7.5 Hz), 4.52 (2H, s), 6.88 (2H, t, J = 7.0 Hz), 
7.09-7.40 (11H,m). 

Example 87 

1 -benzyl-N-[3-(4-benzyl-1 -piperidinyl)propyl]-N-(2,3-dihydro-1 H-inden-1 -yl)-5-oxo-3-pyrrolidinecarboxamide 

[0203] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 62 and Reference Example 44, the title compound was obtained, yield 67% (oil). 

1 H NMR (CDCI3) (ca. 1 :1 isomer mixture) 8 1 .0-2.2 (11 H, m), 2.3-3.8 (13H, m), 2.49 (2H, d, J = 6.6 Hz), 4.30-4.70 (2H, 
m), 5.25-5.40 (0.5H, m), 6.00-6.10 (0.5H, m), 6.91-7.50 (14H, m). 
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Example 88 

1 -benzyl-N-[3-(4-benzyl-1 -piperidinyl)propyQ-5-oxo-N-(1 ,2,3,4-tetrahydro-1 -naphthyl)-3-pyrrolidinecarboxamide 

[0204] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 63 and Reference Example 44, the title compound was obtained, yield 73% (oil). 

1H NMR (CDCI3) (ca. 0.4:0.6 isomer mixture) 8 1 .0-2.2 (12H, m), 2.25-2.40 (1H, m), 2.52 (2H ( d, J = 5.8 Hz), 2.60-3.80 
(13H, m), 4.30-4.60 (2H, m), 4.80^1.95 (0.6H, m), 5.60-5.80 (0.4H, m), 6.76-7.40 (14H, m). 

Example 89 

1-benzyl-N-[3-(4-benzyl-1-piperidinyI)propyI]-N-(3 l 4-dichlorophenyI)-6-oxo-3-piperidine carboxamide 

[0205] By reactions and purification similar to those in Example 31 using the compounds obtained in Reference 
Example 18 and Reference Example 61, the title compound was obtained, yield 77% (oil). 

1H NMR (CDCI3) 8 1.20-1.35 (2H, m), 1.35-1.9 (7H, m), 1.9-2.2 (2H, m), 2.2-2.3 (3H, m), 2.4-2.65 (4H, m), 2.79 (2H, 
br d, J = 11.8 Hz), 2.95-3.10 (1H, m), 3.38-3.70 (3H, m), 4.31 (1H, d, J = 9.0 Hz), 4.74 (1H, d, J = 9.0 Hz), 6.85-6.95 
(1H, m), 7.1-7.31 (11 H, m), 7.40 (1H, d, J = 8.4 Hz). 

Example 90 

N-[3-(4-benzyl-1-piperidiny0propyl]-5-oxo-N-phenyl-1-propargyl-3-pyrrolidinecarooxamide 

[0206] To a solution of the compound (1 00 mg, 0.24 mmol) obtained in Example 58 in DMF (1 .5 ml), was added 
sodium hydride (60%, 12.4 mg, 0.31 mmol) under ice-cooling and the mixture was stirred at room temperature for 30 
min. Then propargyl bromide (34 mg, 0.29 mmol) was added and the mixture was stirred at room temperature for 1 h. 
DMF was evaporated under reduced pressure and the mixture was extracted with ethyl acetate (10 mlx2) and 1N- 
aqueous sodium hydroxide solution (10 ml). The organic layer was dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure. The residue was subjected to column chromatography (basic alumina activity ill, 
3 g, ethyl acetate/hexane= 1/1-»1/0). The objective fraction was concentrated under reduced pressure to give the title 
compound (77 mg, 71%) as a colorless oil. 

1 H NMR (CDCI3) 5 1.1-1.9 (9H, m), 2.19 (1H, t, J = 2.6 Hz), 2.24-2.37 (3H, m), 2.51 (2H, d, J = 6.6 Hz), 2.71 (1H, dd, 
J = 1 6.8, 8.8 Hz), 2.87 (2H, br d, J = 1 1 .0 Hz), 3.00-3.17 (1 H, m), 3.34 (1 H, t, J = 8.8 Hz), 3.65-3.76 (3H, m), 3.94 (1 H, 
dd, J = 17.6, 2.6 Hz), 4.12 (1H, dd, J = 17.6, 2.6 Hz), 7.11-7.50 (10H, m) . 

Example 91 

NH3-(4-benzyl-1-piperidiny0propy0-1-(2-methyIbenzyl)-5-oxo-N-phenyh3-pyrrolidinecarboxamide 

[0207] By reactions and purification similar to those in Example 90 using 2-methylbenzylbromide, the title compound 
was obtained, yield 63% (oil). 

1 H NMR (CDCI3) 81.1-1 .9 (9H, m), 2.25 (3H, s), 25-2.36 (3H, m), 2.50 (2H, d, J = 6.4 Hz), 2.67-2.85 (3H, m), 2.95-3.10 
(2H, m), 3.4-3.6 (1H, m), 3.67 (2H, t like, J = 7.8 Hz), 4.40 (2H, s), 7.0-7.5 (14H, m). 

Example 92 

N-[3-(4-benzyl-1-piperidiny0propyG-1-(2-fluorobenzyl)-5-oxo-N-phenyl-3-pyrroIidinecarboxamide 

[0208] By reactions and purification similar to those in Example 90 using 2-fluorobenzylbromide, the title compound 
was obtained, yield 83% (oil). 

1 H NMR (CDCI3) 8 1.1-2.0 (9H, m), 2.21-2.34 (3H, m), 2.50 (2H, d, J = 6.6 Hz), 2.66-2.89 (3H, m), 2.9-3.1 (2H, m), 
3.13 (2H, t, J = 8.8 Hz), 3.58 (1H, dd, J = 8.6, 6.8 Hz), 4.45 (2H, s), 6.97-7.50 (14H, m). 

Example 93 

N-[3-(4-benzyM-piperidinyr)propyH-5-oxo-N^ 

[0209] By reactions and purification similar to those in Example 90 using 2,2,2-trifluoroethyl triflate, the title compound 
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was obtained, yield 30% (oil). 

1 H NMR (CDCI3) 5 1.15-1.35 (2H, m), 1 .4-1 .B5 (7H, m), 2.22-2.36 (3H, m), 2.51 (2H, d, J = 6.2 Hz), 2.65-2.90 (3H, m), 
3.03-3.20 (1 H, m), 3.37 (1H, t, J = 8.4 Hz), 3.60-3.80 (4H, m) , 3.85-4.02 (1H, m), 7.10-7.30 (6H, m), 7.32-7.50 (2H, m). 

5 Example 94 

N-[3-(4-benzyl-1 -piperidinyl)propyQ-N-(3-chlorophen 

[0210] To a mixture of 1-(2,4-dimethoxybenzy0-5-oxo-3-pyrrolidinecarboxylic acid (698 mg, 2.5 mmol) synthesized 

10 by reactions and purification similar to those in Example 43 using 2,4-dtmethoxybenzylamine, DMF (0.024 ml) and 
dichloromethane (1 0 ml) was added oxalyl chloride (0.256 ml, 3.0 mmol) under ice-cooling and the mixture was stirred 
at the same temperature for 15 min and for 1 h while allowing the mixture to warm to room temperature. The obtained 
solution was added to a mixture of the compound (41 6 mg, 1 .0 mmol) obtained in Reference Example 1 7, triethylamine 
(1 .39 ml, 1 0 mmol) and dichloromethane (1 5 ml) at -20°C with stirring and the mixture was stirred for 1 h while allowing 

« to warm to 0°C. A saturated aqueous sodium hydrogencarbonate solution (1 5 ml) was added, and the organic solvent 
was evaporated under reduced pressure and extracted with ethyl acetate (20 m!x2). The organic layer was washed 
successively with saturated aqueous sodium hydrogencarbonate solution (1 0 mlx2) and saturated brine (10 ml), dried 
over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column 
chromatography (basic alumina activity III, 30 g, eluted with ethyl acetate/hexane=1/1). The objective fraction was 

20 concentrated under reduced pressure and the residue (200 mg) was dissolved in trifiuoroacetic acid (4 ml) and the 
mixture was stirred at 70°C for 4 h. After concentration under reduced pressure, saturated aqueous sodium hydrogen- 
carbonate solution (15 ml) was added and the mixture was extracted with ethyl acetate (20 mlx2). The organic layer 
was washed with saturated brine (20 ml), dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure. The residue was subjected to column chromatography (basic alumina activity ill, 10 g, ethyl acetate). The 

25 objective fraction was concentrated under reduced pressure to give N-[3-(4-benzyl-1 -piperidinyl)propyl]-N-(3-chloroph- 
enyl)-5-oxo-3-pyrrolidinecarboxamide (75 mg, 50%). By reactions and purification similar to those in Example 90 using 
this compound and 2-trifluorobenzylbromide, the title compound was obtained, yield 76% (oil). 
1H NMR (CDCI3) 5 1 .1-2.1 (9H, m), 2.26 (2H, t, J = 7.4 Hz), 2.31-2.44 (1 H, m), 2.50 (2H, d, J = 6.6 Hz), 2.72-2.90 (3H, 
m), 2.96-3.16 (2H, m), 3.53 (1H, dd, J = 8.4, 5.8 Hz), 3.67 (2H, t, J = 7.8 Hz), 4.52 (1 H, d, J = 15.8 Hz), 4.70 (1H, d, J 

30 = 15.8 Hz), 6.98-7.04 (1H, m), 6.98-7.04 (1H, m) , 7.10-7.39 (9H, m), 7.48-7.65 (2H, m). 



Example 95 

N-[3-(4-benzyM-piperidrnyl)propyl]-1-methyl-5-ox 
hydrochloride 



[0211] To a mixture of 1-methyl-5-oxo-3-pyrroiidinecarboxylic acid (358 mg, 2.5 mmol), DMF (0.023 ml) and dichlo- 
romethane (10 ml) was added oxalyl chloride (0.256 ml, 3.0 mmol) under ice-cooling and the mixture was stirred at 
the same temperature for 15 min and for 1 h while allowing the mixture to warm to room temperature. The obtained 

40 solution was added to a mixture of the compound (449 mg, 1 .0 mmol) obtained in Reference Example 66, triethylamine 
(1 .39 ml, 1 0 mmol) and dichloromethane (1 5 ml) at -20°C with stirring and the mixture was stirred for 1 h while allowing 
to warm to 0°C. A saturated aqueous sodium hydrogencarbonate solution (15 ml) was added, and the organic solvent 
was evaporated under reduced pressure and extracted with ethyl acetate (15 ml x3). The organic layer was washed 
successively with saturated aqueous sodium hydrogencarbonate solution (5 mlx3) and saturated brine (5 ml), dried 

& over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column 
chromatography (silica gel 10 g, ethyl acetate/methanoM/0-»9/1). The objective fraction was concentrated under 
reduced pressure to give a free base (383 mg) of the title compound. 

1H NMR (CDCI3) 8 1.05-1.95 (9H, m), 2.15-2.35 (3H, m), 2.51 (2H, d, J=6.6Hz), 2.6-3.1 (4H, m) , 2.78 (3H, s), 3.19 
(1H, t, J=9.1Hz), 3.6-3.8 (3H, m), 7.05-7.45 (7H, m), 7.55-7.75 (2H, m). 
so [0212] The free base (383 mg) was dissolved in methanol, 1 N hydrogen chloride diethyl ether solution (2 ml) was 
added, and the mixture was concentrated under reduced pressure. Diethyl ether was added to the residue and the 
precipitate was collected by filtration. The precipitate was washed with diethyl ether and dried under reduced pressure 
to give the title compound (376 mg, 0.70 mmol, yield 70%) as a hygroscopic amorphous. 

Anal. Calcd for CgeH^FgNgOg.HCI.O.e^O: C, 61.27; H, 6.65; CI, 6.46; F, 10.38; N, 7.66. Found: C, 61.29; H, 6.60; 
55 CI, 6.37; F, 10.44; N, 7.69. 
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Example 96 

N-{3-(4-benzyl-1 -piperidinyI)propy!]-1 -methyl-N-(3-methyIphenyl) -5-oxo-3-pyrrolidinecarboxamide hydrochloride 

[0213] By reactions and purification similar to those in Example 95 using the compound (395 mg) obtained in Ref- 
erence Example 67, a free base (420 mg) of the title compound was obtained. 

1 H NMR (CDCI3) 8 1 .05-1 .95 (9H, m), 2.1 -2.4 (3H, m) ( 2.38 (3H, s), 2.51 (2H, d, J=6.6Hz). 2.55-2.9 (3H, m), 2.76 (3H, 
s), 2.95-355 (2H, m), 3.55-3.75 (3H, m), 6.85-7.0 (2H, m), 7.05-7.35 (7H, m). 

[021 4] The free base (420 mg) was converted to the title compound (405 mg) by a method similar to the method of 
Example 95. 

Anal. CaJcdforC 28 H3 7 N 3 0 2 -HC|.0.5H20: C, 68.20; H, 7.97; CI, 7.1 9; N, 8.52. Found: C, 68.1 8; H, 8.12; CI, 7.1 0; N, 8.63. 
Example 97 

N^3-(4-benzyl-1-piperidiny0propyq-1 -methyl hydrochloride 

[0215] By reactions and purification similar to those in Example 95 using the compound (395 mg) obtained in Ref- 
erence Example 68, a free base (31 8 mg) of the title compound was obtained. 

1 H NMR (CDCI3) 5 1.05-1 .95 (9H, m), 2.05-2.35 (3H, m), 2.21 (3H, s), 2.45-355 (6H, m), 2.51 (2H, d, J=6.6Hz), 2.75 
(0.5X3H, s), 2.76 (0.5X3H, s), 3.4-3.8 (1H, m) , 4.0-4.25 (1H, m) , 7.0-7.35 (9H, m). 

[0216] The free base (31 8 mg) was converted to the title compound (283 mg) by a method similar to the method of 
Example 95. 

Anal. Catcdfor C2QH37N3O2-HCI.0.7H2O: C, 67.71 ; H, 8.00; CI, 7.14; N, 8.46. Found: C, 67.68; H, 7.97; CI, 7.36; N, 8.50. 
Example 98 

N-[3-(4-benzyl-1-piperidinyl)propy0-N-(4-cyanophenyl)-1-methyl-5-oxo-3-pyrro!ldinecarboxamide 

[0217] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 69, the title compound was obtained. 
lR(KBr)2230cnr 1 . 

1 H NMR (CDCI3) 6 1 .21-1 .99 (9H, m), 2.03-2.54 (6H, m), 2.78 (3H, s), 2.58-3.15 (4H, m), 3.58-3.78 (3H, m), 7.10-7.36 
(7H, m), 7.77 (2H, d, J=8.0Hz). 

Example 99 

N- [3- (4-benzy1-1-piperidinyl)propyl]-N-(3-cyanophenyl) -1-methyi-5-oxo-3-pyrroIidinecart>oxamide 

[0218] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 70, the title compound was obtained. 
IR(KBr)2232cnr 1 . 

1H NMR (CDCI3) 5 1.16-2.00 (9H, m), 2.10-2.59 (5H, m), 2.78 (3H, s), 2.59-3.09 (3H, m), 3.09-3.40 (2H, m), 3.54-3.81 
(3H, m), 7.09-7.32 (5H, m), 7.41-7.70 (4H, m). 

Example 100 

N-[3-(2-benzyl-4-moroholiny0propyl]-1-methyl-5-oxo-N-phenyl-3-pyrrolidinecarboxamide 

[0219] By reactions and purification similar to those in Example 31 using the compound obtained in Reference Ex- 
ample 71 , the title compound was obtained. 

1 H NMR (CDCI3) 5 2.7B and 2.81 (3H, sx2), 2.19-3.15 (14H, m), 3.28-3.90 (6H, m), 7.10-7.32 (10H, m). 
Reference Example 1 

1-methyl-5-oxo-W-phenyl-3-pyrrolidinecarboxamide 

[0220] To a solution of 1 -methyl-5-oxo-3-pyrrolidinecarboxylic acid (8.59 g, 60 mmol), aniline (5.59 g, 60 mmol) and 
1-hydroxybenzotriazole (8.92 g, 66 mmol) in DMF (60 ml) was added Af-ethyl-/V-(3-dimethylaminopropyI)carbodiimide 
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hydrochloride (1 7.25 g, 90 mmol) and the mixture was stirred at room temperature for 4 h. The reaction mixture was 
concentrated under reduced pressure and saturated aqueous sodium hydrogencarbonate solution (120 ml) was added 
to the residue. The mixture was extracted with dichloromethane (120 mlx5). The organic layer was dried over anhy- 
drous magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column chroma- 
tography (silica gel 170 g, ethyl acetate/methanol=1/0->9/1). The objective fraction was concentrated under reduced 
pressure and diethyl ether was added to the residue. The precipitate was collected by filtration. The precipitate was 
washed with diethyl ether and dried under reduced pressure to give the title compound (11.04 g, 51 mmol, 84%) as 
white crystals. 
mp163-165°C 

1 H NMR (CDCIg) 8 2.67 (1H, dd, J=9.9, 17.1Hz), 2.81 (1H, dd, J=8.4, 17.1Hz), 2.88 (3H, s), 3.15-3.31 (1H, m), 3 58 
(1H, dd, J=9.6, 9.6Hz), 3.77 (1H f dd, J=7.0, 9.6Hz), 7.14 (1H, t, J=7.3Hz), 7.34 (2H, dd, J=7.3, 8.0Hz), 7.53 (2H, d, 
J=8.0Hz),7.60(1H, brs). V 
Anal. Calcd for C 12 H 14 N 2 0 2 : C, 66.04; H, 6.47; N, 12.84. Found: C, 66.00; H, 6.44; N, 12.89. 

Reference Example 2 

N-(3,4-dichlorophenyi)-1-methyl-5-oxo-3-pyrrolidinecarboxamide 

[0221] By reactions and purification similar to those in Reference Example 1 using 3,4-dichloroaniline, the title com- 
pound was obtained, yield 58%. 
mp 164-166°C 

1 H NMR (CDCI3) 5 2.67(1 H, dd, J=10.0, 1 7.0Hz), 2.78 (1H, dd, J=7.8, 1 7.0Hz), 2.89 (3H, s), 3.16-3.33 (1H m) 3 59 
(1H, dd, J=9.6, 9.6Hz), 3.78 (1H, dd, J=6.6, 9.6Hz), 7.38 (1H, s), 7.39 (1H, s), 7.80 (1H, s), 7.97 (1H, brs).' 
Anal. Calcd for C^H^CfeN^: C, 50.19; H, 4.21; CI, 24.69; N, 9.76. Found: C, 50.22; H, 4.26; CI, 24.54; N, 9.94. 

Reference Example 3 

W-(3-chloropropyl)-1 -methyl-5-oxo-A/-phenyl-3-pyrrolidinecarboxamide 

[0222] The compound (2.00g, 9.2 mmol) obtained in Reference Example 1 was dissolved in DMF (20 ml) and sodium 
hydride (60%, 733 mg, 18 mmol) was added under ice-cooling. The mixture was stirred at the same temperature for 
1 h. Then, 1 -bromo-3-chloropropane (1 .81 ml, 1 8 mmol) was added and the mixture was stirred for 30 min under ice- 
cooling and for 1 h while allowing the mixture to warm to room temperature. Water (100 ml) was added under ice- 
cooling, and the mixture was extracted with ethyl acetate (15 mlx3). The organic layer was dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column chromatography 
(silica gel 60 g, ethyl acetate/methanol=1 /0-+9/1 ). The objective fraction was concentrated under reduced pressure to 
give the title compound (2.43g, purity about 80% from 1 H NMR) as a colorless oil. 

1 H NMR (CDCI3) 6 1 .95-2.1 5 (2H , m), 2.24 (1 H, dd, J=9.3, 1 7.0Hz), 2.68 (1 H, dd, J=8.5, 1 7.0Hz) t 2.77 (3H, s), 2.95-3 25 
(1H, m), 3.19 (1H, t, J=8.8Hz), 3.56 (2H, t, J=6.6Hz), 3.65 (1H, dd, J=7.0, 8.8Hz), 3.8-3.9 (2H, m), 7.1-7.25 (2H m) 



Reference Example 4 

W-(4-chlorobutyl)-1-methyl-5-oxo-/V-phenyl-3-pyrrolidinecarboxamide 

[0223] By reactions and purification similar to those in Reference Example 3 using 1 -bromo-4-chlorobutane the title 
compound was obtained. 

1H NMR (CDCI3) 8 1 .58-1 .89 (4H, m), 2.23 (1 H, dd, J=9.3, 16.7Hz), 2.60-2.80 (4H, m), 2.97-3.25 (2H, m) 3 50-3 81 
(5H,m), 7.11-7.20 (2H,m), 7.36-7.53 (3H, m). 

Reference Example 5 

/V-(5-chloropentyl)-1-methyl-5-oxo-yV-phenyl-3-pyrrolidinecarboxamide 

[0224] By reactions and purification similar to those in Reference Example 3 using 1 -bromo-5-chloropentane, the 
title compound was obtained. 

1H NMR (CDCI3) 6 1 .35-1 .87 (6H, m), 2.23 (1 H, dd, J=9.3, 1 6.3Hz), 2.60-2.80 (4H, m), 2.95-3.24 (2H, m), 3 52 (2H t 
J=6.4Hz), 3.59-3.77 (3H, m), 7.10-7.20 (2H, m), 7.38-7.53 (3H, m). 
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Reference Example 6-1 

2-{[(1 -methyl-5-oxo-3-pyrrolidinyI)carbony0anilino}ettiyl acetate 

5 [0225] The compound (2.00 g, 9.2 mmo!) obtained in Reference Example 1 was dissolved in DMF (20 ml) and sodium 
hydride (60%, 916 mg, 23 mmol) was added under ice-cooling. The mixture was stirred at the same temperature for 
1 h. Then bromoethyl acetate (3.05 ml, 28 mmol) was added and the mixture was stirred for 30 min under ice-cooling 
and at room temperature for 6 h. The reaction mixture was poured into 0.5N hydrochloric acid (100 ml) under ice- 
cooling and the mixture was extracted with ethyl acetate (50 mlx3). The organic layer was dried over anhydrous 

io magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column chromatography 
(silica gel 70 g, ethyl acetate/methanoM/0-»95/5). The objective fraction was concentrated under reduced pressure 
to give the title compound (2.43 g, 8.0 mmol, 87%), mp 72-74°C. 

1 H NMR (CDCI3) 5 1.28 (3H, t, J=7.2Hz), 2.28 (1H, dd, J=9.4, 16.4Hz), 2.75 (1H, dd, J=7.8, 16.4Hz), 2.78 (3H, s), 
3.1-3.35 (2H, m), 3.6-3.8 (1H, m),4.22 (2H, q, J=7.2Hz), 4.26 (1H, d, J=17.1Hz), 4.45 (1H, d, J=17.1Hz), 7.3-7.55 (5H, 
15 m). 

Reference Example 6-2 

2-{[(1 -methyl-5-oxo-3-pyrrolidinyl)carbony0anilino}acetic acid 

20 

[0226] The compound (1 .83 g, 6.0 mmol) obtained in Reference Example 6-1 was dissolved in methanol (20 ml) and 
8N aqueous sodium hydroxide solution (1 .5 m!) was added. The mixture was stirred at room temperature for 1 0 h. 1 N 
Hydrochloric acid (13 ml) was added and the mixture was concentrated under reduced pressure. Ethyl acetate was 
added to the residue and the mixture was dried over anhydrous magnesium sulfate. An insoluble material was filtrated 
25 and the filtrate was concentrated under reduced pressure to give the title compound (1 .54 g, 5.6 mmol, 93%). 

1 H NMR (CDCI3) 82.35 (1H, dd, J=9.0, 17.0Hz), 2.75-2.95 (1H, m) , 2.80 (3H, s), 3.1-3.35 (2H, m), 3.65-3.8 (1H ( m), 
4.31 (1H, d, J=17.4Hz), 4.45 (1H, d, J=17.4Hz), 7.3-7.55 (5H, m). 

Reference Example 6-3 

30 

/V-(2-hydroxyethyl)-1-methyl-5-oxo-N-phenyl-3-pyn-olidinecarboxamide 

[0227] The compound (829 mg, 3.0 mmol) obtained in Reference Example 6-2 and triethylamine (0.627 ml, 4.5 mmol) 
were dissolved in THF (15 ml) and ethyl chloroformate (0.43 ml, 4.5 mmol) was added at -15°C. The mixture was 

35 stirred at from -1 5°C to -1 0°C for 30 min. Then, a solution of sodium borohydride (227 mg, 6.0 mmol) in water (1 .5 ml) 
was added at -1 0°C, and the mixture was stirred at from -1 0°C to 0°C for 1 h. 1 N Hydrochloric acid was added at 0°C 
and the organic solvent was evaporated under reduced pressure. The residue was extracted with dichloromethane. 
The organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 
was subjected to column chromatography (silica gel 10 g, ethyl acetate/methanol=1/0->95/5). The objective fraction 

40 was concentrated under reduced pressure to give the title compound (662 mg, 2.5 mmol, 84%) as a colorless oil. 

1H NMR (CDCI3) 5 2.27 (1H, dd, J=9.5, 16.9Hz), 2.71 (1H, dd, J=8.4, 16.9Hz), 2.78 (3H, s), 3.0-3.25 (1H, m), 3.22 
(1H, t, J=8.9Hz), 3.66 (1H, dd, J=6.6, 8.9Hz), 3.7-4.1 (4H, m), 7.15-7.3 (2H, m), 7.3-7.55 (3H, m). 

Reference Example 6-4 

45 

W-(2-chloroethyl)-W-phenyl-1-methyl-5-oxo-3-pyrrolidinecarboxamide 

[0228] A mixture of the compound (659 mg, 2.5 mmol) obtained in Reference Example 6-3, triphenylphosphine (857 
mg, 3.3 mmol) and carbon tetrachloride (10 ml) was stirred with reflux under heating for 1 h. An insoluble material was 

50 filtrated and the insoluble material was washed with ethyl acetate . The filtrate was concentrated under reduced pres- 
sure and the residue was subjected to column chromatography (silica gel 40 g, ethyl acetate/methanoM/0->95/5). 
The objective fraction was concentrated under reduced pressure and diethyl ether was added to the residue. The 
precipitate was collected by filtration. The precipitate was washed with diethyl ether and dried under reduced pressure 
to give the title compound (366 mg, 1 .3 mmol, 52%). 

55 1H NMR (CDCI3) 5 2.25 (1H, dd, J=9.3. 16.9Hz), 2.70 (1H, dd, J=8.2, 16.9Hz), 2.78 (3H, s), 2.95-3.25 (1H, m), 3.21 
(1H,t,J=8.9Hz), 3.55-3.75 (3H,m),4.00(1H,dt,J=13.9 l 6.2Hz), 4.11 (1H,dt, J=1 3.9, 6.6Hz), 7.2-7.3 (2H,m), 7.35-7.55 
(3H, m). 



V 
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Reference Example 7 

/V-(3^hloropropyl)-AH3,4-dich^ 

[0229] By reactions and purification similar to those in Reference Example 3 using the compound obtained in Ref- 
erence Example 2, the title compound was obtained, purity about 50% from 1 H NMR. 

'H NMR (CDCI 3 ) 8 1.95-2.15 (2H, m), 2.28 (1H, dd, J=9.7, 17.1Hz), 2.6-2.8 (1H, m), 2.80 (3H, s), 2.95-3.2 (1H, m), 
3.24 (1 H, t, J=9.2Hz), 3.56 (2H, t, J=6.4Hz), 3.66 (1 H, dd, J=7.0, 9.2Hz), 3.75-3.9 (2H, m), 7.05 (1 H, dd, J=2.4, B.BHz), 
7.31 <1H, d, J=2.4Hz), 7.57 (1H, d, J=8.6Hz). 

Reference Example 8-1 

/V-[2-(1,3-dioxolan-2-yl)ethyG-1-methyl-5-oxo-/V-phenyl-3-pyrrolidinecarboxamlde 

[0230] The compound (2.40 g, 1 1 mmol) obtained in Reference Example 1 was dissolved in DMF (22 ml) and sodium 
hydride (60%, 880 mg, 22 mmol) was added under ice-cooling. The mixture was stirred at the same temperature for 
1 h. Then, 2-(2-bromoethyl)-1 ,3-dioxolane (2.58 ml, 22 mmol) was added and the mixture was stirred at B0°C for 12 
h. The reaction mixture was concentrated under reduced pressure and water (45 ml) was added. The mixture was 
extracted with dichloromethane (45 mlx3). The organic layer was dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure. The residue was subjected to column chromatography (silica gel 70 g, ethyl acetate/ 
methanol=1/0->9/1 ). The objective fraction was concentrated under reduced pressure and the residue was recrystal- 
lized from a mixed solvent of diisopropyl ether and ethyl acetate. The precipitate was collected by filtration, and the 
precipitate was washed with diisopropyl ether and dried under reduced pressure to give the title compound (2.47 g, 
7.8 mmol, 70%) as pale-yellow crystals, mp 1 08-11 0°C. 

1 H NMR (CDCI3) 5 1.91 (2H dt ; J=4.4 ; 7.3Hz) ? 2.23 (1H ; dd : J=9.1 5 16.9Hz). 2.70 MR dd J=R.O 1fi QH Z \ 9 77 (3H 
s), 2.95-3.15 (1H, m), 3.18 (1H, t, J=9.1Hz), 3.66 (1H, dd, J=6.9, 9.1Hz), 3.75-4.0 (6H, m), 4.93 (1H, t,'j=4.4Hz)! 
7.15-7.25 (2H, m), 7.35-7.55 (3H, m). 

Reference Example 8-2 

/V-[2-formylethyl]-1-methyl-5-oxo-AAphenyl-3-pyrrolidinecarboxamide 

[0231] The compound (1 .95 g, 6.1 mmol) obtained in Reference Example 8-1 was dissolved in 1 N hydrochloric acid 
(1 0 ml) and the mixture was stirred at room temperature for 1 8 h. The mixture was extracted with dichloromethane (20 
mlx3) and the organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure 
to give the title compound (1 .66 g, 6.1 mmol, 99%) as a pale-yellow oil. 

1 H NMR (CDCI3) 8 2.23 (1 H, dd, J=9.4, 1 6.6Hz), 2.6-2.8 (3H, m), 2.77 (3H, s), 2.95-3.15 (1 H, m), 3.1 8 (1 H, t, J=9.1 Hz) 
3.61 (1H, dd, J=6.9, 9.1Hz), 3.98 (1H, dt, J=14.0, 6.6Hz), 4.14 (1H, dt, J=14.0, 6.9Hz), 7.1-7.25 (2H, m) 7 35-7 55 
(3H,m),9.77(1H,t, J=1.9Hz). 

Reference Example 9 

N-[3-(4-benzyl-1 -piperidyl)propyl]-4-methylaniline di hydrochloride 

[0232] To a solution of 4-benzylpiperidine (3.51 g, 20 mmol) and DBU (0.030 ml, 0.2 mmol) in THF (40 ml) was added 
dropwise with stirring a solution of acrolein (90%, 1 .49 ml, 20 mmol) in THF (5 ml) at -20°C over 5 min. The mixture 
was stirred for 1 h while raising the temperature of the mixture from -20°C to-1 0°C. Then, p-toluidine (2.14g, 20 mmol) 
and sodium triacetoxyborohydride (8.48 g, 40 mmol) were successively added at -10°C and the mixture was stirred 
for 23 h while raising the temperature of the mixture to room temperature. A saturated aqueous sodium hydrogencar- 
bonate solution (1 60 ml) and water were added and the mixture was extracted with ethyl acetate (60 mlx3). The organic 
layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was sub- 
jected to column chromatography (silica gel 100g, ethyl acetate/methanoM/0-»9/1 ->4/1). The objective fraction was 
concentrated under reduced pressure to give /vH3-(4-benzyl-1-piperidyl)propylj-4-methylaniline (4.07 g, 12.6 mmol 
63%) as an oil. 

1 H NMR (CDCI3) 6 1.15-1 .95 (9H, s), 2.23 (3H, s), 2.42 (2H, t, J=6.8Hz), 2.55 (2H, d, J=6.6Hz), 2.85-3.0 (2H, m) 3 13 
(2H, t, J=6.4Hz), 6.51 (2H, d, J=8.4Hz), 6.98 (2H, d, J=8.4Hz), 7.1-7.35 (5H, m). 

[0233] 2-Propanol(20 ml) and 4N hydrogen chloride (ethyl acetate solution, 8 ml) were added to AH3-(4-benzyl- 
1-piperidyl)propyl]-4-methylaniline (4.07 g, 12.6 mmol) and the precipitate was collected by filtration. The precipitate 
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was washed with 2-propanol and dried under reduced pressure to give the title compound (4.52 g, 11 mmol, 57%) as 
white crystals. 
mp1B2-192°C (dec) 

1H NMR (DMSO-cfe) 5 1.4-1.9 (5H, m), 2.0-2.25 (2H, m), 2.31 (3H t s), 2.45-2.6 (2H, m), 2.7-2.95 (2H, m), 2.95-3.55 
s (6H, m), 7.1-7.45 (9H,m). 

Anal. Calcd for C 22 H 30 N 2 -2HCI.0.5H 2 O: C, 65.34; H, 8.22; CI, 17.53; N, 6.93. Found: C, 65.24; H, 8.38; CI, 17.37; N, 
6.98. 

Reference Example 10 

10 

Af-[3-(4-benzyM -piperidyl)propyl]aniline dihydrochloride 

[0234] By reactions and purification similar to those in Reference Example 9 using aniline, the title compound was 
obtained, yield 47%. 
15 mp 21 7°C (dec) 

1H NMR (D 2 0) 5 1.44-1.56 (2H, m), 1.81-1.84 (3H, m), 2.08-2.24 (2H, m), 2.62 (2H, d, J=6.6Hz), 2.85-2.96 (2H, m), 
3.12-3.20 (2H, m), 3.48-3.56 (4H, m), 7.25-7.65 (10H, m). 

Anal. Calcd forC^H^N^HCI-O^HaO: C, 64.61; H, 8.00; N, 7.18. Found: C, 64.71; H, 7.92; N, 7.32. 
20 Reference Example 1 1 

W-[3-(4-benzyM -piperidyljpropyl] -4-ferf-butylaniline dihydrochloride 

[0235] By reactions and purification similar to those in Reference Example 9 using 4-fert-butylaniline, the title com- 
25 pound was obtained, yield 51 %. 
mp 203-21 3°C (dec) 

1H NMR (DMSO-dy 5 1 .27 (9H, s), 1 .4-1 .9 (5H, m), 2.0-2.2 (2H, m), 2.45-2.6 (2H, m), 2.75-2.95 (2H, m), 3.0-3.7 (6H, 
m), 7.1-7.4 (7H, m), 7.44 (2H, d, J=8.4Hz). 

Anal. Calcd for C 25 H 36 N 2 .2HC|.0.2H 2 O: C, 68.07; H, 8.77; CI, 16.07; N, 6.35. Found: C, 68.10; H, 8.80; CI, 15.85; N, 
30 6.35. 

Reference Example 12 

A/-[3-(4-benzyl-1 -piperidyl)propyl]-5-indanylamine dihydrochloride 

35 

[0236] By reactions and purification similar to those in Reference Example 9 using 5-aminoindan, the title compound 
was obtained, yield 28%. 
mp175°C (dec) 

1H NMR (D 2 0) 6 1.42-1.50 (2H, m), 1.87-1.93 (3H, m), 2.08-2.15 (4H, m), 2.61 (2H, d, J=6.6Hz), 2.82-2.94 (6H, m), 
40 3.10-3.18 (2H, m), 3.26-3.54 (4H, m), 7.12 (1H, d, J=7.8Hz), 7.24-7.41 (7H, m) . 

Anal. Calcd for C^H^N^HCI-O^HjjO: C, 67.67; H, 8.25; N, 6.57. Found: C, 67.73; H, 7.97; N, 6.50. 

Reference Example 13 

45 A/-[3-(4-benzyl-1-piperidyl)propyl]-4-methoxy aniline dihydrochloride 

[0237] By reactions and purification similar to those in Reference Example 9 using 4-methoxyanHine, the title com- 
pound was obtained, yield 38%. 
mp 1 54-1 59°C (dec) 

50 1H NMR (DMSO-flfe) 8 1 .4-1 .95 (5H, m), 1 .95-2.2 (2H, m), 2.45-2.65 (2H, m), 2.7-3.0 (2H, m), 3.0-3.55 (6H, m), 3.76 
(3H, s), 7.02 (2H, d, J=8.8Hz), 7.1-7.45 (7H, m). 

Anal. Calcd for C^H^^O^HCI-O^HaO: C, 63.12; H, 7.90; CI, 16.94; N, 6.69. Found: C, 63.12; H, 7.84; CI, 16.71; 
N,6.78, 

55 
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Reference Example 14 

AH3-(4-benzyM-piperidyl)propyl]-3,4-dimethoxyaniline dihydrochloride 

[0238] By reactions and purification similar to those in Reference Example 9 using 3,4-dimethoxyaniline, the title 
compound was obtained, yield 61%. 
mp 1 49-1 59°C (dec) 

1 H NMR (DMSO-cfe) 5 1.4-1.9 (5H, m), 2.0-2.25 (2H, m), 2.45-2.6 (2H, m), 2.75-3.0 (2H, m), 3.0-3.65 (6H, m), 3.77 
(3H, s), 3.79 (3H, s), 7.03 (2H, s), 7.05-7.4 (6H, m). 

Anal. CalcdforC23H32N2O2.2HCM.OH2O: C, 60.13; H, 7.90; CI, 15.43; N, 6.10. Found: C, 60.13; H, 7.72; CI, 15.26; 
N.6.06. 

Reference Example 15 

A/-[3-(4-benzyl-1-piperidyl)propyl]-3,4-diethoxyaniline dihydrochloride 

[0239] By reactions and purification similar to those in Reference Example 9 using 3,4-diethoxyaniline, the title com- 
pound was obtained, yield 24%. 
mp160°C(dec) 

1 H NMR (D 2 0) 5 1 .38-1.51 (8H, m), 1.89-1.96 (3H, m), 2.10-2.19 (2H, m), 2.63 (2H, d, J=6.6Hz), 2.86-2.94 (2H m) 
3.12-3.20 (2H, m), 3.45-3.55 (4H, m), 4.13-4.23 (4H, m), 7.02-7.39 (8H ( m) . 

Anal. Calcd for C25HaeN2O2.2HCW.6H2O: C, 62.51; H, 8.23; N, 5.83. Found: C, 62.30; H, 8.10; N, 5.84. 
Reference Example 16 

/V-[3-(4-benzyM -piperidyl)propyl] -4-chloroaniline dihydrochloride 

[0240] By reactions and purification similar to those in Reference Example 9 using 4-chloroaniline, the title compound 
was obtained, yield 70%. 
mp 1 55-1 59°C (dec) 

1 H NMR (DMSO-oy 8 1 .4-1 .9 (5H, m), 1 .9-2.1 (2H, m), 2.45-2.6 (2H, m), 2.7-2.95 (2H, m), 2.95-3.5 (6H, m), 6.85 (2H, 
d,J=9.2Hz), 7.1-7.4 (7H,m). 

Anal. Calcd for Cg^CIN^HCl: C, 60.66; H, 7.03; CI, 25.58; N, 6.74. Found: C, 60.85; H, 6.81 ; CI, 25.33; N, 6.79. 
Reference Example 17 

A/-[3-(4-benzyl-1 -piperidyl)propyl]-3-chloroaniline dihydrochloride 

[0241 ] By reactions and purification similar to those in Reference Example 9 using 3-chloroaniline, the title compound 
was obtained, yield 41%. 
mp 202°C (dec) 

1 H NMR (DMSO-d 6 ) 8 1 .53-2.01 (7H, m), 2.50-2.55 (2H, m), 2.66-2.92 (2H, m), 3.08-3.20 (4H, m), 3.38-3.44 (2H m) 
6.61-6.69 (3H, m), 7.07-7.30 (6H, m). 

Anal. Calcd for C2 1 H 27 CIN2-2HC|.0.1H2O: C, 60.39; H, 7.04; N, 6.71. Found: C, 60.33; H, 6.93; N, 6.84. 
Reference Example 1 8 

/V-[3-(4-benzyl-1 -piperidyl)propyl] -3,4-dichloroaniline dihydrochloride 

[0242] By reactions and purification similar to those in Reference Example 9 using 3,4-dichloroaniline, the title com- 
pound was obtained, yield 53%. 
mp 203°C (dec) 

1 H NMR (DMSO-Gfe) 5 1 .49-1 .76 (5H, m), 1 .91-1 .96 (2H, m), 2.50-2.55 (2H, m), 2.79-3.17 (6H, m), 3.38-3.44 (2H m) 
6.68 (1H, dd, J=2.8, 8.8H2), 6.75 (1H, d, J=2.6Hz), 7.17-7.30 (6H, m). 

Anal. Calcd for C 21 H2 6 Cl2N2'2HC|.0.5H 2 O: C, 54.92; H, 6.36; N, 6.10. Found: C, 55.11; H, 6.64; N, 6.37. 
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Reference Example 19 

A/-{3-(4-benzyl-1 -piperidyl)propyl]-3,4-difluoroaniline dihydrochloride 

5 [0243] By reactions and purification similar to those in Reference Example 9 using 3,4-difluoroaniline, the title com- 
pound was obtained, yield 53%. 
mp 177°C (dec) 

1 H NMR (DMSO-dy 5 1.53-1.75 (5H, m), 1.94-1.98 (2H, m), 2.51-2.54 (2H, m), 2.66-2.84 (2H, m), 3.06-3.10 (4H, m), 
3.3B-3.44 (2H t m), 6.51-6.55 (1H, m), 6.67-6.77 (1H, m), 7.11-7.34 (6H, m) . 
10 Anal. Calcd for C 21 H 26 F 2 N 2 .2HCI: C, 60.43; H, 6.76; N ( 6.71 . Found: C, 59.93; H, 6.67; N, 6.74. 

Reference Example 20 

A/-[3-(4-benzyM -piperidyl)propyl]-2,4-difluoroaniline dihydrochloride 

15 

[0244] By reactions and purification similar to those in Reference Example 9 using 2,4-difluoroaniline, the title com- 
pound was obtained, yield 43%. 
mp181°C (dec) 

1 H NMR (DMSO-cfe) 5 1 .53-1 .75 (5H, m), 1 .95-2.02 (2H, m), 2.50-2.54 (2H, m), 2.66-2.84 (2H, m), 3.05-3.18 (4H, m), 
20 3.37-3.43 (2H, m), 6.72-6.94 (2H, m), 7.04-7.34 (6H, m). 

Anal. Calcd for C^H^N^HCM .0H 2 O: C, 57.93; H, 6.95; N, 6.43. Found: C, 57.46; H, 7.04; N, 6.14. 

Reference Example 21 

25 N-[3-(4-benzyl-1 -piperidyl)propyl]-2,6-difluoroaniline dihydrochloride 

[0245] By reactions and purification similar to those in Reference Example 9 using 2,6-difluoroaniline, the title com- 
pound was obtained, yield 15%. 
mp168°C (dec) 

30 1H NMR (D 2 0) 8 1 .41-1.50 (2H, m), 1.83-2.08 (5H, m), 2.61 (2H, d, J=6.4Hz), 2.82-2.94 (2H, m), 3.12-3.55 (6H, m), 
7.06-7.42 (8H, m). 

Anal. Calcd forC 21 H 26 F 2 N 2 -2HCI: C, 60.43; H, 6.66; N, 6.71. Found: C, 60.27; H, 6.66; N, 6.64. 
Reference Example 22 

35 

W-[3-(4-benzyl-1-piperidyl)propyl]-3-chloro-4-fluoroaniline dihydrochloride 

[0246] By reactions and purification similar to those in Reference Example 9 using 3-chloro-4-fluoroaniline, the title 
compound was obtained, yield 40%. 
40 mp197°C(dec) 

1H NMR (DMSO-d 6 ) 6 1 .53-1 .75 (5H, m), 1 .94-2.02 (2H, m), 2.50-2.55 (2H, m), 2.80-2.85 (2H, m), 3.07-3.10 (4H, m), 

3.38-3.45 (2H, m), 6.67-6.73 (1H, m), 6.84 (1H, dd, J=3.0, 6.0Hz), 7.13-7.34 (6H, m). 

Anal. Calcd for C 21 H 26 CIFN 2 .2HCI-0.5H 2 O: C, 56.96; H, 6.60; N, 6.33. Found: C, 57.12; H, 6.43; N, 6.46. 

45 Reference Example 23 

W-{3-(4-benzyl-1-piperidyl)propyl]-4-(trifluoromethyl)aniline dihydrochloride 

[0247] By reactions and purification similar to those in Reference Example 9 using 4-(trifluoromethyl)aniline, the title 
50 compound was obtained, yield 36%. 
mp168°C (dec) 

1H NMR (DMSO-dfe) 5 1.56-1.75 (5H, m), 1.95-2.06 (2H, m), 2.50-2.55 (2H, m), 2.80-2.90 (2H, m), 3.04-3.18 (4H, m), 
3.38-3.45 (2H, m), 6.70 (2H, d, J=8.6Hz), 7.16-7.40 (7H, m). 

Anal. Calcd for C^H^N^HCI: C, 58.80; H, 6.50; N, 6.23. Found: C, 58.64; H, 6.47; N, 6.32. 

55 
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Reference Example 24 

AH3-(4-benzyl-1 iDiperidy!)pro 

[0248] By reactions and purification similar to those in Reference Example 9 using 3,5-bis(trifluoromethyl)ani!ine, 

the title compound was obtained, yield 1 9%. 

mp185°C(dec) 

1 H NMR (DMSO-cf 6 ) 5 1 .50-1 .76 <5H, m), 1 .91 -1 .97 (2H, m), 2.50-2.55 (2H, m), 2.80-2.86 (2H, m), 3.08-3.24 (4H, m), 
3.40-3.47 (2H, m), 7.05-7.34 (8H, m). 

Anal. Calcd for C^H^FsN^HCM .0H 2 O: C, 51 .60; H, 5.65; N, 5.23. Found: C, 51 .69; H, 5.54; N, 5.43. 
Reference Example 25 

A/-[3-(4-benzyl-1-piperidyl)propyl]-4-(trifluoromethoxy)aniiine dihydrochloride 

[0249] By reactions and purification similar to those in Reference Example 9 using 4-(trifluoromethoxy)aniline, the 

title compound was obtained, yield 35%. 

mp175°C(dec) 

1 H NMR (DMSO-de) 6 1.54-1.75 (5H, m), 1 .98-2.06 (2H, m), 2.50-2.55 (2H, m), 2.80-2.90 (2H, m), 3.12-3.19 (4H, m) 
3.39-3.45 (2H, m), 6.68 (2H, d, J=8.8Hz), 7.1 6-7.34 (7H, m). 

Anal. Calcd for C22H27F3N2O.2HCM.IH2O: C, 54.45; H, 6.48; N, 5.77. Found: C, 54.26; H, 6.17; N, 5.97. 
Reference Example 26 

W3-(4-benzyl-1 -piperidyl)propyl]-1 -naphthylamine dihydrochloride 

[0250] By reactions and purification similar to those in Reference Example 9 using 1-aminonaphthalene, the title 

compound was obtained, yield 48%. 

mp175°C(dec) 

1 H NMR (DMSO-cfe) 8 1.55-1.75 (5H, m), 2.10-2.20 (2H, m), 2.50-2.55 (2H, m), 2.80-2.90 (2H, m), 3.10-3.18 (2H, m), 
3.33-3.45 (4H, m), 6.82-6.86 (1H, m), 7.16-7.37 (7H, m), 7.46-7.50 (2H, m), 7.81-7.86 (1H, m), 8.21-8.26 (1H, m). 
Anal. Calcd for C2 5 H 30 N 2 '2HCM .0H 2 O: C, 66.81 ; H, 7.62; N, 6.23. Found: C, 66.60; H, 7.53; N, 6.25. 

Reference Example 27 

/V-[3-(4-benzyl-1 -piperidyl)propyl]-3-phenylaniline dihydrochloride 

[0251] By reactions and purification similar to those in Reference Example 9 using 3-aminobiphenyl, the title com- 
pound was obtained, yield 55%. 
mp164-169°C (dec) 

1 H NMR (DMSO-^) 5 1.4-1.9 (5H, m), 1.9-2.2 (2H, m) , 2.45-2.6 (2H, m), 2.7-3.0 (2H, m), 3.0-3.55 (6H, m), 6.95-7.1 
(1H, m), 7.1-7.55 (11 H, m), 7.64 (2H, d, J=7.0Hz). 

Anal. Calcd for Cg^Ng^HCI-O^O: C, 68.46; H, 7.62; CI, 14.97; N, 5.91. Found: C, 68.55; H, 7.62; CI, 14.87; N, 



Reference Example 28 

3-(benzyloxy)-/V-[3-(4-benzyl-1 -piperidyl)propyl]ani!ine dihydrochloride 

[0252] By reactions and purification similar to those in Reference Example 9 using 3-(benzyloxy)aniline, the title 
compound was obtained, yield 58%. 
mp 1 34-1 39°C (dec) 

*H NMR (DMSO-dg) 8 1.4-1.9 (5H, m), 1.9-2.15 (2H, m), 2.45-2.6 (2H, m), 2.7-2.95 (2H, m), 2.95-3.5 (6H, m), 5 08 
(2H, s), 6.6-6.85 (3H, m), 7.1-7.5 (11 H, m). 

Anal. Calcd for C^H^NgO^HCI: C, 68.98; H, 7.44; CI, 14.54; N, 5.75. Found: C, 68.90; H, 7.37; CI, 14.23; N, 5.74. 



42 



EP 1 180 513 A1 



Reference Example 29 

4-(benzyioxy)-A^[3-(4-benzyl-1i3iperidyl)propyl]aniline dihydrochloride 

5 [0253] By reactions and purification similar to those in Reference Example 9 using 4-(benzyloxy)aniline, the title 
compound was obtained, yield 72%. 
mp160-170°C (dec) 

1 H NMR (DMSO-<4) 6 1.4-1.95 (5H, m), 2.0-2.25 (2H, m), 2.45-2.6 (2H, m), 2.7-2.95 (2H, m), 2.95-3.5 (6H, m), 5.12 
(2H,s), 7.05-7.5 (14H,m). 

10 Anal. Calcd for C^H^O^HCI: C, 68.98; H, 7.44; CI, 14.54; N, 5.75. Found: C, 68.73; H, 7.41; CI, 14.24; N, 5.64. 
Reference Example 30 
3-(4-benzyl-1-piperidinyl)propylamine 

15 

[0254] To a solution of 4-benzylpiperidine (24.6 g, 140 mmol) in A/ f W-dimethylfomiamide (250 mL) were added 
N-(3-bromopropyl)phthalimide (37.5 g, 140 mmol) and then potassium carbonate (38.7 g, 280 mmol) and the mixture 
was stirred at room temperature for 14 h. Water (200 mL) was added to the reaction mixture and the mixture was 
extracted with ethyl acetate (300 mLx2). The organic layer was washed with water (400 mL) and saturated sodium 

20 chloride solution (400 mL), dried over anhydrous magnesium sulfate, filtered (eluted with ethyl acetate) through silica 
gel (100 g) and concentrated under reduced pressure. The obtained crude crystals were recrystallized from ethyl 
acetate-hexane to give 2-[3-{4-benzyl-1-piperidinyl)propyn-1 H-isoindole-1 ,3(2H)-dione (27.4 g, yield 69%). To a solu- 
tion of this compound (500 mg, 1 .38 mmol) in ethanol (5 mL) was added hydrazine monohydrate (345 mg, 6.9 mmol) 
and the mixture was refluxed under heating at 90°C for 2 h. After cooling, an insoluble material was filtrated and the 

25 mother liquor was concentrated under reduced pressure. A 2N aqueous sodium hydroxide solution (1 0 mL) was added 
to the residue and the mixture was extracted with a mixed solvent of ethyl acetate/tetrahydrofuran = 1/1 (20 mLx3). 
The organic layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue 
was crystallized from acetonitrile to give the title compound (329 mg, yield 95%). 
mp 59-61 °C 

30 1H NMR (CDCI 3 +D 2 0) 5 1 .20-1 .38 (2H, m), 1 .40-1 .70 (5H, m) , 1 .71-1 .89 (2H, m), 2.26-2.43 (2H, m), 2.53 (2H, d, J = 
6.6 Hz), 2.72 (2H, t, J = 7.0 Hz), 2.90-3.00 (2H, m), 7.10-7.30 (5H, m). 

Reference Example 31 

35 1 -(3-aminopropyl)-4-(4-chlorophenyl)-4-piperidinol 

[0255] By reactions and purification similar to those in Reference Example 30 using 4-(4-chlorophenyl)-4-hydroxy- 

piperidine, the title compound was obtained, yield 67%. 

mp102-104°C 

40 1H NMR (CDCI 3 ) 6 1 .60-1 .80 (5H, m), 2.00-2.20 (2H, m), 2.30-2.50 (4H, m), 2.72 (2H, t, J = 7.0 Hz), 2.75-2.90 (2H, 
m), 4.80 (2H, br), 7.20-7.50 (4H, m). 

Reference Example 32 

45 A/-benzyl-3-(4-benzyl-1 -piperidinyl)-1 -propaneamine 

[0256] To a solution of the compound (500 mg, 2.1 5 mmol) obtained in Reference Example 30 in tetrahydrofuran (3 
mL) was added dropwise a solution of benzaldehyde (323 mg, 2.20 mmol) in tetrahydrofuran (2 mL) at 0°C and the 
mixture was stirred at room temperature for 1 h. To this solution was added dropwise a solution of acetic acid (1 68 mg, 

so 2.8O mmol) in tetrahydrofuran (5 mL) at 0°C, and sodium triacetoxyborohydride (593 mg, 2.80 mmol) was added. The 
mixture was stirred at room temperature for 1 4 h. The reaction mixture was concentrated under reduced pressure and 
a mixed solvent of ethyl acetate/tetrahydrofuran = 1/1 (10 mL) was added. An insoluble material was filtrated and the 
mother liquor was concentrated. The obtained oil was purified by column chromatography (basic alumina activity III, 
50 g, eluted with ethyl acetate - ethyl acetate/methanol = 4/1) to give the title compound (340 mg, 49%, oil). 

55 1H NMR (CDCI3) 5 1.10-1.88 (10H, m), 2.35 (2H, t f J = 7.5 Hz), 2.52 (2H, d, J = 6.6 Hz), 2.66 (2H, t, J = 6.8 Hz), 
2.88-3.00 (2H, m), 3.78 (2H, s), 7.11-7.36 (10H, m). 
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Reference Example 33 

4- ({[3- (4-benzyl-1 -piperidinyl)propyl] amino }methyl) phenol 

[0257] By reactions and purification similar to those in Reference Example 32 using 4-hydroxybenzaldehyde, the 
title compound was obtained, yield 59% (oil). 

1 H NMR (CDCI3) 5 1 .20-2.00 (9H, m) , 2.40 (2H, t like, J = 7.0 Hz), 2.50 (2H, d, J = 6.2 Hz), 2.68 (2H, t like, J = 7.0 
Hz), 2.88-3.00 (2H, m), 3.65 (2H, s), 3.80-4.66 (2H, br), 6.57 (2H, d, J = 8.4 Hz), 7.03 (2H, d, J = 8.4 Hz), 7.10-7.31 
(5H,m). 

Reference Example 34 

3-(4-benzyM -piperidinyl)-N-(1 -naphthylmethyl)-1 -propaneamine 

[0258] By reactions and purification similar to those in Reference Example 32 using 1 -naphthoaldehyde, the title 
compound was obtained, yield 57% (oil). 

1H NMR (CDCI 3 ) 6 1.05-1.35 (2H, m) , 1.37-1.93 (7H, m) , 2.22 (1H, brs), 2.37 (2H, t, J = 7.3 Hz), 2.47 (2H, d, J = 6.8 
Hz), 2.79 (2H, t, J = 6.8 Hz), 2.B5-2.95 (2H, m), 4.24 (2H, s), 7.10-7.32 <4H, m), 7.39-7.57 (4H, m), 7.76-7.90 (2H, m), 
8.09-8.13 (2H,m). 

Reference Example 35 

3- (4-benzyl-1 -piperidinyl)-A^(2-naphthylmethyl)-1 -propaneamine 

[0259] By reactions and purification similar to those in Rftffirennp Fvamnle 32 using 2-nanhthaldehyde, the title com- 
pound was obtained, yield 43% (oil). 

1H NMR (CDCI 3 ) 5 1 .15-1 .35 (2H, m), 1 .40-1 .93 (8H, m), 2.36 (2H, t, J = 7.4 Hz), 2.49 (2H, d, J = 6.6 Hz), 2.70 (2H, 
t, J = 7.0 Hz), 2.80-3.00 (2H, m), 3.95 (2H, s), 7.09-7.32 (5H, m), 7.40-7.51 (3H, m), 7.76-7.84 (4H, m) . 

Reference Example 36 

1-[3-(benzylamino)propyl]-4-(4-chlorophenyl)-4-piperidinol 

[0260] By reactions and purification similar to those in Reference Example 32 using the compound obtained in Ref- 
erence Example 31 , the title compound was obtained, yield 48% (oil). 

1H NMR (CDCI 3 ) 6 1.60-1.90 (6H, m), 2.06 (2H, td, J = 13.4, 4.4 Hz), 2.33-2.52 (4H, m), 2.73 (2H, t, J - 6.8 Hz), 
2.80-2.86 (2H, m), 3.80 (2H, m), 7.20-7.50 (9H, m). 

Reference Example 37 

4- (4-chlorophenyl)-1 -[3-(isopropy!amino)propyI]-4-piperidinol 

[0261] By reactions and purification similar to those in Reference Example 32 using the compound obtained in Ref- 
erence Example 31 and acetone, the title compound was obtained, yield 45%. 

1 H NMR (DMSO-rf 6 ) 8 1.24 (6H, d, J = 6.6 Hz), 1.50-1.70 (2H, m), 1.70-2.00 (4H, m) , 2.40-2.60 (5H, m), 2.70-2 90 
(2H, m), 2.95 (2H, t, J = 7.3 Hz), 3.20-3.40 (2H, m), 7.37 (2H, d, J = 8.7 Hz), 7.49 (2H, d, J = 8.7 Hz). 

Reference Example 38 

4-(4-chlorophenyI)-1-[3-(cyclohexylamino)propyl]-4-piperidinol 

[0262] By reactions and purification similar to those in Reference Example 32 using the compound obtained in Ref- 
erence Example 31 and cyclohexanone, the title compound was obtained, yield 58%. 

1H NMR (CDCI3) 61.10-1 .40 (6H, m), 1 .50-1 .96 (10H, m), 2.08 (2H, td, J = 11 .6, 4.4 Hz), 2.38-2.60 (4H, m), 2.77-2.92 
(4H, m), 2.80-3.40 (1H, br), 7.31 (2H, d, J = 8.8 Hz), 7.44 (2H, d, J = 8.8 Hz). 
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Reference Example 39 

4-(4-chloropheny!)-1-[3-(cyclopentylamino)propyI]-4-piperidinol 

5 [0263] By reactions and purification similar to those in Reference Example 32 using the compound obtained in Ref- 
erence Example 31 and cyclopentanone, the title compound was obtained, yield 57%. 

*H NMR (DMSO-cfe) 6 1 .40-2.20 (13H, m), 2.30-2.60 (2H, m), 3.00-3.60 (8H, m), 5.62 (1 H, s), 7.43 (2H, d, J = 9.2 Hz), 
7.50 (2H, d, J = 9.2 Hz), 9.06 (1 H, br s). 

10 Reference Example 40 

4- benzyM-(3-chloropropyl)piperidine 

[0264] To a solution of 4-benzylpiperidine (1 00 mg, 0.57 mmol) in N.N'-dimethyfformamide (2 mL) were added 1 -chlo- 
15 ro-3-iodopropane (117 mg, 0.57 mmol) and then triethylamine (58 mg, 0.57 mmol) and the mixture was stirred at room 
temperature for 1 4 h. Water (1 0 mL) was added to the reaction mixture and the mixture was extracted with ethyl acetate 
(20 mLx2). The organic layer was washed with water (20 mL) and dried over anhydrous magnesium sulfate, filtrated 
and concentrated under reduced pressure. The obtained oil was purified by column chromatography (basic alumina 
activity III, 50 g, eluted with ethyl acetate/N-hexane = 1/20) to give the title compound (86 mg, 60%, oil). 
20 1H NMR (CDCI3) 6 1.15-2.05 (9H, m), 2.43 (2H, t, J = 7.0Hz), 2.53 (2H, d, J = 6.6 Hz), 2.80-3.00 (2H, m), 3.58 (2H, t, 
J = 6.6Hz), 7.12-7.33 (5H, m). 

Reference Example 41 

25 N-[3-(4-benzyl-1 «piperidinyl)propyl]-2-indanamine 

[0265] To a solution of the compound (755 mg, 3 mmol) obtained in Reference Example 40 in acetonitriie (5 mL) 
were added a solution of 2-aminoindan (266 mg, 2 mmol) in acetonitriie (5 mL) and triethylamine (304 mg, 3 mmol) 
and the mixture was stirred with heating at 80°C for 5 h. The solvent was concentrated under reduced pressure and 
so the residue was purified by column chromatography (basic alumina activity III, 60 g, eluted with ethyl acetate) to give 
the title compound (150 mg, 22%, oil)* 

1 H NMR (CDCI3) 5 1.10-1.32 (2H, m), 1.38-1.88 (8H, m), 2.36 (2H, t, J = 7.3Hz), 2.51 (2H, d, J = 6.8 Hz), 2.67-3.00 
(6H, m), 3.16 (2H, dd, J = 15.4, 7.0 Hz), 3.61 (1H, qui., J = 7.0 Hz), 7.12-7.32 (9H, m). 

35 Reference Example 42 

[1 -(3-anilino-2-hydroxypropyl)-4-piperidinyl]-(4-fluorophenyl)methanone 

[0266] (4-Fluoropheny!) (4-piperidinyl)rnethanone hydrochloride (1 .05 g, 4.3 mmol) was added to a mixture of ethyl 
40 acetate (50 mL) and 1 N aqueous sodium hydroxide solution (1 0 mL), and the mixture was extracted with ethyl acetate. 
The organic layer was washed with water (20 mL), dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure. The residue was dissolved in acetonitriie (30 mL) and N-(2-oxiranylmethyl)aniline (700 mg, 4.7 
mmol) was added. The mixture was refluxed under heating for24 h. After cooling, the reaction mixture was concentrated 
under reduced pressure and the residue was purified by silica gel chromatography (silica gel 100 g, ethyl acetate/ 
45 methanol = 9/1) to give the title compound (51 0 mg, 33%, oil). 

1H NMR (DMSO-dy 6 1.57-1.86 (4H, m), 2.11-2.52 (4H, m), 2.86-3.33 (5H, m), 3.78-3.81 (1H, m), 4.62-4.64 (1H, m), 
5.64 (1H, br), 6.47-6.60 (3H, m), 7.02-7.09 (2H, m), 7.29-7.37 (2H, m) , 8.02-8.09 (2H, m). 

Reference Example 43 

50 

5- OXO-1 -phenyl-3-pyrrolidinecarboxylic acid 

[0267] Aniline (18 g, 190 mmol) was added to itaconic acid (25 g, 190 mmol) and the mixture was refluxed under 
heating at 150°C for 1 h. After cooling, the obtained crude crystals were recrystallized from methanol (200 mL) to give 
55 the title compound (35 g, 90%). 
mp 188-189°C (methanol). 

1H NMR (CDCI3) 5 2.60-2.86 (2H, m), 3.20-3.50 (1H, m), 3.92^.10 (2H, m), 7.14 (1H, t, J = 7.6 Hz), 7.37 (2H, t, J = 
7.6 Hz), 7.64 (2H, d, J = 7.6 Hz), 12.80 (1H, brs). 
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Anal. Calcd for C^H^NOg: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.34; H, 5.53; N, 6.91. 

Reference Example 44 

1 -benzyl-5-oxo-3-pyrrolidinecarboxyIic acid 

[0268] By reactions and purification similar to those in Reference Example 43 using benzylamine, the title compound 
was obtained, yield 76%. 
mp 1 92-1 93°C (methanol). 

1H NMR (CDCI 3 ) 5 2.69-2.92 (2H, m), 3.14-3.30 (1H, m), 3.43-3.59 (2H, m), 4.39 (1H, d, J = 14.6 Hz), 4.53 (1H, d, J 
= 14.6 Hz), 7.19-7.38 (5H, m), 10.29 (1H, brs). 

Anal. Calcd for C 12 H 13 N0 3 : C, 65.74; H, 5.98; N, 6.39. Found: C, 65.80; H t 5.84; N, 6.48. 

Reference Example 45 

1 -cyc!ohexyl-5-oxo-3-pyrrolidinecarboxylic acid 

[0269] By reactions and purification similar to those in Reference Example 43 using cyclohexylamine, the title com- 
pound was obtained, yield 62%. 
mp 1 86-1 87°C (methanol-diethyl ether). 

1 H NMR (CDCI3) 8 1.00-1.77 (10H, m), 2.34-2.57 (2H, m), 3.08-3.23 (1H, m), 3.30-4.00 (4H, m). 

Reference Example 46 

1 -butyl-5-oxo-3-pyrrolidinecarboxylic acid 

[0270] By reactions and purification similar to those in Reference Example 43 using N-butylamine, the title compound 
was obtained, yield 67% (oil). 

1H NMR (CDCI3) 5 0.93 (3H, t, J = 7.0 Hz), 1.23-1 .59 (4H, m), 2.64-2.88 (2H, m), 3.19-3.40 (3H, m), 3.56-3.74 (2H 
m), 7.20-7.60 (1H.br). 

Reference Example 47 

5-OXO-1 -phenethyl-3-pyrrolidinecarboxylic acid 

[0271] By reactions and purification similar to those in Reference Example 43 using phenethylamine, the title com- 
pound was obtained, yield 60%. 
mp 1 85-1 86°C (methanol). 

1 H NMR (CDCI3) 5 2.54-2.88 (4H, m), 3.05-3.21 (1 H, m) , 3.40-3.62 (4H, m), 7.1 9-740 (5H, m), 7.70-8.20 (1 H, br). 
Reference Example 48 

5-OXO-1 -(3-phenylpropyl)-3-pyrrolidinecarboxylic acid 

[0272] By reactions and purification similar to those in Reference Example 43 using 3-phenylpropylamine, the title 
compound was obtained, yield 51%. 
mp 88-90°C (ethyl acetate ). 

1H NMR (CDCI3) 5 1.78-1.93 (2H, m), 2.57-2.80 (4H, m), 3.09-3.69 (5H, m), 7.15-7.32 (5H, m), 8.34 (1H, brs). 
Reference Example 49 

1 -(4-methoxybenzyi)-5-oxo-3-pyrrolidinecarboxylic acid 

[0273] By reactions and purification similar to those in Reference Example 43 using 4-methoxybenzylamine, the title 
compound was obtained, yield 63%. 
mp 153-155°C (methanol). 

1H NMR (CDCI3) 6 2.61-2.86 (2H, m), 3.08-3.24 (1H, m), 3.39-3.55 (2H, m), 3.80 (3H, s), 4.33 (1H, d, J = 14 2 Hz) 
4.46 (1H, d, J = 14.2 Hz), 6.82-6.89 (2H, m), 7.13-7.20 (2H, m), 7.50-9.00 (1 H, br). 
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Reference Example 50 

5-0X0-1 -(4-pyridylmethyl)-3-pyrrolidinecarboxylic acid 

[0274] By reactions and purification similar to those in Reference Example 43 using 4-(aminomethyl)pyridine, the 
title compound was obtained, yield 15%. 
mp 190-1 91 °C (water-methanol). 

1 H NMR (DMSO-dfe) 62.25-2.71 (2H, m), 3.15-3.57 (3H, m), 4.36 (1H, d, J = 16.0 Hz), 4.47 (1H, d, J = 16.0 Hz), 7.23 
(2H, d, J = 5.6 Hz), 8.53 (2H, d, J = 5.6 Hz). 

Reference Example 51 

1 -(4-fluorobenzy0-5-oxo-3-pyrrolidinecarboxylic acid 

[0275] By reactions and purification similar to those in Reference Example 43 using 4-fluorobenzylamine, the title 
compound was obtained, yield 72%. 
mp 142-143°C (methanol). 

1H NMR (CDC! 3 ) 52.64-2.88 (2H, m), 3.11-3.27 (1H, m), 3.41-3.57 (2H, m), 4.43 (2H, s), 6.97-7.32 (4H, m), 9.40-10.40 
(1H,br). 

Reference Example 52 

1 -(cyclohexylmethyr)-5-oxo-3-pyrrolidinecarboxylic acid 

[0276] By reactions and purification similar to those in Reference Example 43 using (aminomethyl)cyclohexane, the 
title compound was obtained, yield 50%. 
mp 96-97°C (methanol-diethyl ether). 

1H NMR (CDCy 8 0.80-1.32 (5H, m), 1.50-1.80 (6H, m), 2.66-2.89 (2H, m), 3.04-3.35 (3H, m), 3.55-3.73 (2H, m), 
6.40-7.20 (1H, br). 

Reference Example 53 

1 -(2-chlorobenzyl)-5-oxo-3-pyrrolidinecarboxy!ic acid 

[0277] By reactions and purification similar to those in Reference Example 43 using 2-chtorobenzylamine, the title 
compound was obtained, yield 77%. 

1H NMR (CDOj+DMSO-dg) 52.62-2.87 (2H, m) , 3.14-3.30 (1 H, m) , 3.42-3.58 (2H, m), 4.60 (2H, s), 7.22-7.40 (4H, m). 
Reference Example 54 

1 -(3-chlorobenzyl)-5-oxo-3-pyrrolidinecarboxy!ic acid 

[0278] By reactions and purification similar to those in Reference Example 43 using 3-chlorobenzylamine, the title 
compound was obtained, yield 69%. 

1H NMR (CDCIa+DMSO-dfe) 6 2.60-2.90 (2H, m), 3.1 0-3.28 (1 H, m), 3.45-3.60 (2H, m), 4.58 (2H, s), 7.20-7.45 (4H, m). 
Reference Example 55 

1 -(4-chlorobenzyI)-5-oxo-3-pyrrolidinecarboxylic acid 

[0279] By reactions and purification similar to those in Reference Example 43 using 4-chlorobenzylamine, the title 
compound was obtained, yield 66%. 

1 H NMR (CDCl 3 +DMSO-dy 6 2.65-2.90 (2H, m), 3.10-3.30 (1H, m), 3.45-3.61 (2H, m), 4.53 (2H, s), 7.34 (2H, d, J = 
7.5Hz), 7.58 (2H, d, J = 7.5Hz), 7.6-8.5 (1H, br). 
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Reference Example 56 

5-0X0-1 -[4-(trifluorornethyl)benzyl]-3-pyrrolidinecarboxylic acid 

[0280] By reactions and purification similar to those in Reference Example 43 using 4-(trifluoromethyl)benzylamine l 
the title compound was obtained, yield 69%. 

1 H NMR (CDCIg) 5 2.80-2.84 (2H, m) , 3.19-3.35 (1 H, m) , 3.46-3.61 (2H, m), 4.53 (2H, s), 7.36 (2H, d, J = 7.6Hz) 
7.60 (2H, d, J = 7.6H2), 7.6-8.2 (1 H, br). 

Reference Example 57 

1 -(2-morpholinoethyO-5-oxo-3-pyrroiidinecarboxyIic acid 

[0281] By reactions and purification similar to those in Reference Example 43 using 2-morpholinoethylamine the 
title compound was obtained, yield 44%. 

1H NMR (CDC^+DMSO-de) 6 2.45-2.81 (8H, m), 3.13-3.76 (9H, m), 9.2-9.6 (1 H, br). 
Reference Example 58 

1 -(2-furylmethyl)-5-oxo-3-pyrrolidinecarboxyIic acid 

[0282] By reactions and purification similar to those in Reference Example 43 using furfurylamine, the title compound 
was obtained, yield 63%. 
mp 155-156 6 C (ethanol). 

•»H NMR (CDCI3) 5 2.60-2.85 (2H, m), 3.12-3.28 (1H, m), 3.51-3.68 f2H. nrt. 4.39 MH. d. J = 15.4 Hz), 4.53 HH. d J 
= 15.4 Hz), 6.26 (1H, d, J = 3.6 Hz), 6.31-6.34 {1H, m), 7.36 (1H, d ( j - 1.8 Hz), 8.30-10.00 (1H, br). ' 

Reference Example 59 

1 -(4-methylbenzyl)-5-oxo-3-pyrrolidinecarooxylic acid 

[0283] By reactions and purification similar to those in Reference Example 43 using 4-methylbenzylamine, the title 
compound was obtained, yield 79%. 

m NMR (CDCl 3+ DMSO-c/ 6 ) 8 2.33 (3H, s) , 2.61-2.87 (2H, m), 3.09-3.25 (1H, m), 3.40-3.55 (2H, m), 4.34 (1H, d, J = 
14.6 Hz), 4.48 (1H, d, J = 14.6 Hz), 7.12 (4H, s), 7.2-7.8 (1H, br). 

Reference Example 60 

1 -(2,6-difluorobenzyl)-5-oxo-3-pyrrolidinecarboxylic acid 

[0284] By reactions and purification similar to those in Reference Example 43 using 2,6-difluorobenzylamine, the 
title compound was obtained, yield 62%. 

1 H NMR (DMSO-rf 6 ) 5 2.40-2.60 (2H, m), 3.10-3.60 (3H, m), 4.46 (2H, s), 7.05-7.16 (2H, m), 7.37-7.50 (1H, m), 



Reference Example 61 

1-benzyl-6-oxo-3-piperidinecarboxylic acid 

[0285] Diethyl 2-methylenepentanedioate (Tetrahedron Lett. 1989, 30, 7381)(1.00 g, 5.0 mmoi) was dissolved in 
ethanol (1 .5 ml) and benzylamine (0.546 ml, 5.0 mmol) was added. The mixture was stirred at 60°C for 6 days. The 
reaction mixture was concentrated under reduced pressure and the residue was subjected to column chromatography 
(silica gel 25 g, ethyl acetate/hexane=1/1->1/0). The objective fraction was concentrated under reduced pressure to 
give ethyl 1 -benzyl-6-oxo-3-piperidinecarboxylate (1 .01 g, 3.9 mmol, yield 77%). 

1 H NMR (CDCI3) 5 1 .22 (3H, t, J=7.2Hz), 1 .85-2.25 (2H, m), 2.35-2.85 (3H, m), 3.3-3.55 (2H, m), 4.1 2 (2H, qd, J=7 2Hz 
2.0Hz), 4.52 (1H,d, J=14.8Hz), 4.71 (1 H, d, J=1 4.8Hz), 7.2-7.4 (5H, m). ' 
[0286] Ethyl 1-benzy!-6-oxo-3-piperidinecarboxylate (261 mg, 1 mmol) was dissolved in methanol (1 m!) and 1N 
aqueous sodium hydroxide solution (1 .2 ml) was added. The mixture was stirred at room temperature for 1 h. To the 
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reaction mixture was added 1 N hydrochloric acid (1 .5 ml) and the resulting precipitate was collected by filtration washed 
with water and dried under reduced pressure to give the title compound (200 mg, 86%). 

1H NMR (CDCI3) 6 1.90-2.30 (2H, m), 2.43-2.90 (3H, m), 3.34-3.52 (2H, m), 4.46 (1H, d, J = 14.6 Hz), 4.77 (1H, d, J 
= 14.6 Hz), 7.23-7.36 (5H, m), 8.6-9.4 (1H, br). 

Reference Example 62 

N-[3-(4-benzyl-1 -piperidinyf)propyl]-1 -indanamine dihydrochloride 

[0287] By reactions and purification similar to those in Reference Example 41 using 1 -indanamine, the title compound 
was obtained, yield 33%. 

1H NMR (DMSO-cfe) 6 1 .4-1 .9 (6H, m) , 2.0-2.3 (3H, m) , 2.3-2.6 (2H, m), 2.6-3.6 (11H, m), 4.74 (1H, br s), 7.17-7.4 
(8H, m), 7.7-7.9 (1H, m) , 9.2-9.8 (2H, br). 

Reference Example 63 

N-[3-(4-benzyt-1 -piperidinyl)propyQ-1 ,2,3,4-tetrahydro-l -naphthylamine dihydrochloride 

[0288] By reactions and purification similar to those in Reference Example 41 using 1 ,2,3,4-tetrahydro-l -naphthyl- 
amine hydrochloride, the title compound was obtained, yield 56%. 

1 H NMR (DMSO-dy 8 1 .4-3.4 (24H, m), 4.46 (1 H, br s), 7.0-7.5 (8H, m), 7.71 (1 H, br d, J = 6.2 Hz), 9.2-1 0.0 (2H, br). 
Reference Example 64 

N-{3-[4-(4-fluorobenzyl) -1-piperidinyl]propyl}aniIine dihydrochloride 

[0289] By reactions and purification similar to those in Reference Example 9 using 4-(4-fluorobenzyl)piperidine and 
aniline, the title compound was obtained, yield 54%. 
mp 230°C (dec.) 

1 H NMR (DMSO-cfe) 5 1.35-1.9 (5H, m), 1.95-2.2 (2H, m), 2.45-2.6 (2H, m), 2.83 (2H, brt, J=11 .5Hz), 3.11 (2H, brt, 
J=7.4Hz), 3.24 (2H, brt, J=6.8Hz), 3.42 (2H, brd, J=1 0.6Hz), 6.9-7.2 (9H, m). 

Anal. Calcd for C^H^FN^HCI-O.eHgO: C, 60.96; H, 7.45; N, 6.77; CI, 17.14; F, 4.59. Found: C, 61 .02; H, 7.37; N, 
6.76; CI, 17.04; F, 4.30. 

Reference Example 65 

3,4-dichloro-N-{3-[4-(4-f luorobenzyI)-1 -piperidinyi]propyl}aniline dihydrochloride 

[0290] By reactions and purification similar to those in Reference Example 9 using 4-(4-fluorobenzyl)piperidine and 
3,4-dichloroaniline, the title compound was obtained, yield 48%. 
mp 203-209°C (dec.) 

1H NMR (DMSO-d 6 ) 6 1.35-2.05 (7H, m) , 2.45-2.6 (2H, m) , 2.6-3.3 (6H, m), 3.41 (2H, brd, J=10.6Hz), 6.57 (1H, dd, 
J=2.7, 8.8Hz), 6.75 (1H, d, J=2.7Hz), 7.05-7.3 (5H, m). 

Anal. Calcd for C 21 H 25 Cl 2 FN 2 .2HCI'0.5H 2 O: C, 52.85; H, 5.91 ; N, 5.87. Found: C, 52.90; H, 6.12; N, 5.94. 
Reference Example 66 

N-[3-(4-benzyl-1-piperidinyl)propyl]-3-(trifiuoromethyl)aniIine dihydrochloride 

[0291 ] By reactions and purification similar to those in Reference Example 9 using 3-(trifluoromethyl)ani!ine, the title 
compound was obtained, yield 56%. 
mp167-173°C (dec.) 

1 H NMR (DMSO-dy 5 1.4-2.1 (7H, m) , 2.45-2.6 (2H, m), 2.6-2.95 (2H, m), 2.95-3.3 (2H, m), 3.13 (2H, t, J=6.6Hz), 
3.41 (2H, br d, J=11.6Hz), 6.75-6.95 (3H, m), 7.1-7.4 (6H, m). 

Anal. Calcd for C^HgrFaNg^HCI-O.SHgO: C, 56.97; H, 6.65; N, 6.04. Found: C, 56.87; H, 6.64; N, 6.10. 
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Reference Example 67 

N-[3-(4-benzyl-1 -piperidinyl)propyl]-3-methylaniline dihydrochloride 

[0292] By reactions and purification similar to those in Reference Example 9 using m-toluidine, the title compound 
was obtained, yield 67%. 

1 H NMR (DMSO-oy 6 1.4-2.25 (7H, m), 2.31 (3H, s), 2.45-3.5 (10H, m), 6.95-7.4 (9H, m). 

Anal. Calcd for C^H^N^HCI-O^HjO: C, 66.22; H, 8.18; N, 7.02; CI, 17.77. Found: C, 66.30; H, 8.12; N t 6.99; CI, 



Reference Example 68 

N-[3-(4-benzyl-1-piperidinyl)propyl] -2-methylaniline dihydrochloride 

[0293] By reactions and purification similar to those in Reference Example 9 using o-toluidine, the title compound 
was obtained, yield 69%. 

1H NMR (DMSO-oy 5 1.4-2.25 (7H, m), 2.32 (3H, s), 2.45-3.5 (10H, m), 6.9-7.4 (9H, m). 

Anal. Calcd for C^H^N^HCM.OHaO: C, 63.91; H, 8.29; N, 6.78; CI, 17.15. Found: C r 64.01; H, 8.18; N, 6.74; CI, 
16.93. 



Reference Example 69 

N-[3-(4-benzyl-1 -piperidinyl)propyl]-4-cyanoaniline 

[0294] By reactions and purification similar to those in Reference Example 9 usina 4-cvanoaniline. the title compound 
was obtained. 

'H NMR (CDCI 3 ) 6 1.19-1.39 (2H, mj, 1.45-1.96 <7H, m), 2.42-2.49 and 2.56-2.60 (2H and 2H, m), 2.90-2.97 and 
3.15-3.24 (2H and 2H, m), 6.17-6.30 (1H, br s), 6.45 {2H, d, J=9.0Hz), 7.14-7.42 (7H, m). 

Reference Example 70 

N-[3-(4-benzyl-1 -piperidlnyl)propyl]-3-cyanoaniline 

[0295] By reactions and purification similar to those in Reference Example 9 using 3-cyanoaniline, the title compound 
was obtained. 

1H NMR (CDCI3) 5 1.20-1.40 (2H, m), 1.41-1.95 (7H, m), 2.42-2.49 and 2.56-2.60 (2H and 2H, m), 2.91-2.98 and 
3.11-3.19 (2H and 2H, m), 6.68-6.74 (2H, m), 6.89-6.93 (1H, m), 7.14-7.30 (6H, m) . 

Reference Example 71 

N-[3-(2-benzyl-4-morpholino)propyl]aniiine 

[0296] By reactions and purification similar to those in Reference Example 9 using 2-benzylmorphoiine (J. Pharm. 
Pharmacol. 1 990, 42, 797) and aniline, the title compound was obtained. 

1H NMR (CDCI3) 5 1.62-2.10 (4H, m), 2.45 (2H, t, J=6.6Hz), 2.61-2.93 (4H, m), 3.16 (2H, t, J=6.2Hz), 3.58-3 93 (3H 
m), 6.54-6.75 (3H, m), 7.11-7.29 (7H, m). 

Experimental Example 

(1 ) Cloning of human CCR5 chemokine receptor 

[0297] Cloning of CCR5 gene was carried out by PCR (polymerase chain reaction) from human spleen cDNA. With 
using 0.5 ng of spleen cDNA (Toyobo, QUICK-Clone cDNA) as template, PCR was performed in DN A Thermal Cycler 
480 (Perkin-Elmer) (reaction conditions: 30 cycles of 95°C for 1 minute, 60°C for 1 minute, and 75°C for 5 minutes) 
by adding primer set, 5'-CAGGATCCGATGGATTATCAAGTGTCAAGTCCAA-3' (25pmol) and 5'-TCTAGAT- 
CACAAGCCCACAGATATTTCCTGCTCC-3' (25pmol), which were designed referring to nucleotide sequence of CCR5 
gene reported by Samson et al. (Biochemistry, 35(1 1), 3362-3367 (1 996)) and by using TaKaRa EXTaq (Takara Shuzo). 
The resultant PCR product was subjected to agarose gel electrophoresis to collect about 1 .0 kb DNA fragment, which 
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was subjected to Original TA Cloning Kit (Funakoshi) to cany out cloning of CCR5 gene. 

(2) Preparation of plasmid for expression of human CCR5 

5 [0298] The plasmid obtained in the above was digested with restriction enzymes Xbal (Takara Shuzo) and BamHI 
(Takara Shuzo) and subjected to agarose gel electrophoresis to collect about 1 .Okb DNA fragment. The DNA fragment 
was mixed with plasmid pcDNA3.1 (Funakoshi) for expression in animal cells, said plasmid being digested with Xbal 
and BamHI, and they were ligated with DNA Ligation Kit Ver. 2 fTakara Shuzo). The resulting plasmid was subjected 
to transformation of competent cell of E. coli JM109 (Takara Shuzo) to obtain plasmid pCKR5. 

10 

(3) Introduction of plasmid for expression of human CCR5 into CHO-K1 cell and Expression of said plasmid in CHO- 
K1 cell 

[0299J CHO-K1 cells were grown in 750ml of tissue culture flask (Becton Dickinson) using Ham's F1 2 medium (Nihon 
is Pharmaceutical) containing 10% fetal calf serum (Life Tech Oriental) and took off with 0.5 g/L trypsin-0.2 g/L EDTA 
(Life Tech Oriental). The cells were washed with PBS (Life Tech Oriental), centrifuged (1000 rpm, 5 minutes), and 
suspended in PBS. With using Gene Pulser (Bio-Rad Laboratories), DNA was introduced into the cells under the 
conditions shown below. That is, to the cuvette of 0.4 cm gap were added 8X10 6 cells and 10 u,g of plasmid pCKR5 
for expression of human CCR5, and electroporation was carried out under 0.25 kV of voltage and 960 u.F of capacitance. 
20 The cells were transferred into Ham's F12 medium containing 1 0% fetal calf serum, and cultivated for 24 hours. The 
cells were again took off and centrifuged, and suspended in Ham's F12 medium containing 1 0% fetal caff serum and 
500 ng/ml of geneticin (Life Tech Oriental). The suspension was diluted to give 1 0 4 cells/ml of the suspension, which 
was inoculated on 96 well plate (Becton Dickinson) to give resistant cells. The resulting geneticin resistant cells were 
cultivated in 96 well plate (Becton Dickinson), and cells expressing CCR5 were selected from the geneticin resistant 
25 cells. That is, in assay buffer (Ham's F12 medium containing 0.5% BSA and 20 mM HEPES (Wako Pure Chemical, 
pH 7.2)) to which was added 200 pM of [ 125 1]-RANTES (Amersham) as ligand, binding reaction was carried out at room 
temperature for 40 minutes, and the buffer was washed with cooled PBS. To the buffer was added 50 uJ/well of 1 M 
NaOH, and the mixture was stirred. Radioactivity was determined with -^counter to select CHO/CCR5 cells which 
specifically bind to the ligand. 

30 

(4) Evaluation of Test Compounds based on CCR5 antagonistic activity 

[0300] The CHO/CCR5 were inoculated on 96 well microplate (5X10 4 cells/well) and cultivated for 24 hours. The 
medium was removed by means of suction, and to each well was added assay buffer containing Test Compound (1 
35 u.M) and then 1 00 pM of [ 125 I]-RANTES (Amersham) as ligand. Binding assay was carried out at room temperature for 
40 minutes, and assay buffer was removed by means of suction. Each well was washed twice with cooled PBS, and 
200 uJ of Microscint-20 (Packard Instrument, Inc.) was added to each well. Radio-activity was determined with 
Top-Count (Packard Instrument, Inc.). 

[0301] According to the method described above, inhibition rate of Test Compound to CCR5 binding. 
40 [0302] The results are shown in Table 1 . 



Table 1 



Example No. 


Inhibitory rate (%) at 1 .0 jiM 


1 


57 


8 


24 


13 


40 


17 


22 


. 23 


95 


38 


82 


51 


92 


52 


76 


62 


67 


76 


91 \ 



51 
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Table 1 (continued) 



Example No. 


Inhibitory rate (%) at 1 .0 jiM 


B4 


92 


93 


90 | 



[0303] A CCR5 antagonist (e.g., an agent for the prophylaxis and treatment of HIV infectious diseases, an agent for 
the prophylaxis and treatment of AIDS etc.) containing the compound (I) of the present invention as an active ingredient 
10 can be produced to have, for example, the following formulations. 

Formulation Example 

1 . capsules 

15 

[0304] 

(1 ) Compound obtained in Example 51 40 mg 

(2) Lactose 70 mg 

20 (3) Microcrystalline cellulose 9 mg 

(4) Magnesium stearate 1 mg 

1 capsule 120 mg 

[0305] (1 ), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and then granulated. To the granules are added the remainders 
25 of (4) and (5), followed by subjecting the mixture to compression molding. 

2. tablets 
[0306] 

3D 

(1) Compound obtained in Example 51 40 mg 

(2) Lactose 58 mg 

(3) Com starch 1 8 mg 

(4) Microcrystalline cellulose 3.5 mg 
35 (5) Magnesium stearate 0.5 mg 

1 tablet 120mg 

[0307] (1), (2), (3) and 1/2 of (4) are mixed and then granulated. To the granules is added the remainder of (4), and 
the whole is filled into a gelatin capsule. 

40 

industrial Applicability 

[0308] The compound of the formula (I) and a salt thereof of the present invention have a superior CCR5 antagonistic 
activity. Therefore, they can be advantageously used for the prophylaxis and treatment of various HIV infectious dis- 
45 eases in human, such as AIDS. 



Claims 

so 1 . A compound of the formula: 
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wherein 



R 1 is a hydrocarbon group; 

R 2 is a hydrocarbon group having 2 or more carbon atoms, or R 1 and R 2 may in combination form, together 

5 with an adjacent nitrogen atom, a ring optionally having a substituent or substituents; 

R3 j S a hydrocarbon group optionally having a substituent or substituents or a heterocyclic group optionally 

having a substituent or substituents; 
R 4 is a hydrogen atom, a hydrocarbon group optionally having a substituent or substituents or a hetero- 

cyclic group optionally having a substituent or substituents; 
10 E is a divalent chain hydrocarbon group optionally having a substituent or substituents other than an oxo 

group; 

G is CO or S0 2 ; 

J is a nitrogen atom or a methine group optionally having a substituent or substituents; and 

Q and R are each a bond or a divalent chain C v3 hydrocarbon group optionally having a substituent or substit- 
15 uents, 



or a salt thereof. 

2. The compound of claim 1 , wherein R 1 is a C 1-6 alkyl group or a C^g cycloalkyl group; R 2 is a C 2 _e alkyl group or 
20 a C3_e cycloalkyl group, or R 1 and R 2 in combination form, together with an adjacent nitrogen atom, a ring optionally 

having a substituent or substituents; R 3 is a alkyl group optionally having a substituent or substituents, a C^q 
cycloalkyl group optionally having a substituent or substituents, an aryl group optionally having a substituent or 
substituents or a heterocyclic group optionally having a substituent or substituents; R 4 is a hydrogen atom, alkyl 
group optionally having a substituent or substituents, a C^q cycloalkyl group optionally having a substituent or 
25 substituents, an aryl group optionally having a substituent or substituents or a heterocyclic group optionally having 

a substituent or substituents; E is a C 2 . 5 alkylene group optionally having a substituent or substituents other than 
oxo group; G is CO or S0 2 ; J is a nitrogen atom or a methine group optionally having a substituent or substituents; 
and Q and R are each a bond or a C^ 3 alkylene group optionally having a substituent or substituents. 

30 3. The compound of claim 1 or claim 2, wherein R 1 and R 2 in combination form, together with an adjacent nitrogen 
atom, a ring optionally having a substituent or substituents. 

4. The compound of claim 3, wherein the ring optionally having a substituent or substituents is a 1 -piperidinyl group 
or a 1-piperazinyl group each optionally having a substituent or substituents. 

35 

5. The compound of claim 4, wherein the substituent of the 1 -piperidinyl group or 1 -piperazinyl group is (1 ) phenyl-C^ 
alkyl optionally having halogen on a benzene ring, (2) diphenylmethyl optionally having hydroxy, (3) benzoyl op- 
tionally having halogen on abenzene ring, (4) 2-phenylethen-1-y1, (5) phenyl optionally having halogen, (6) hydroxy, 
(7) phenoxy or (B) benzyloxy. 

40 

6. The compound of claim 3, wherein the ring optionally having a substituent or substituents is a 1 -piperidinyl group 
optionally having a substituent or substituents. 

7. The compound of claim 6, wherein the substituent of the 1 -piperidinyl group is a benzyl group optionally having 
45 halogen on a benzene ring. 

8. The compound of claim 1 or claim 2, wherein R 3 is (1 ) a C-,^ alkyl group, (2) a C 3 ^ cycloalkyl group, (3) a benzyl 
group optionally having a hydroxy group, (4) a naphthylmethyl group, (5) a phenyl group optionally having, as a 
substituent, (a) C,. 4 alkyl optionally having halogen, (b) C^ alkoxy optionally having halogen, (c) phenyl, (d) 

so cyano, (e) benzyloxy or (f) a halogen atom, (6) a naphthyl group, (7) an indanyl group or (8) a tetrahydronaphthy! 

group. 

9. The compound of claim 1 or claim 2, wherein R 3 is a phenyl group optionally having, as a substituent, C^ alkyl 
or halogen. 

55 

10. The compound of claim 1 or claim 2, wherein E is C 2 . 6 polymethylene optionally having hydroxy. 

11 . The compound of claim 1 or claim 2, wherein R 4 is (1) a hydrogen atom, (2) C^ alkyl optionally having (a) halogen, 
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(b) pyridyl, (c) morpholino, (d) furyl, (e) ethynyl or (f) cycloalkyl, (3) phenyl-C^ alkyl optionally having (a) 
halogen, (b) alkyl, (c) halogeno-C^ alkyl or (d) C M alkoxy on a benzene ring, or (4) C^g cycloalkyl. 

12. The compound of claim 1 or claim 2, wherein R 4 is (a) alkyl group optionally having, as asubstituent, halogen 
or furyl or (b) a benzyl group optionally having halogen on a benzene ring. 

13. The compound of claim 1 , wherein -N(Ri)R2 j s a 1-piperidinyl group optionally having a substituent orsubstituents, 
E is atrimethylene group , R3 is a phenyl group optionally having asubstituent orsubstituents, G is CO, J is CH, 
and Q and R are each a methylene group. 

14. A compound selected from AH3-(4-benzyl-1 -piperidinyl)propyl]-/V-(3,4-dichlorophenyl)-1-methyl-5-oxo-3-pyrrolid- 
inecarboxamide, 1 -benzyl- /V-[3-(4-benzyl-1 -piperidinyl)propyl]-5-oxo-N-phenyl-3-pyrrolidinecarboxamide, 
1-(2-chlorobenzyl)-W-[3-(4-benzyl-1^ 

obenzyl)-1 -piperidiny!]propyl}-W-(3 ( 4-dichlorophenyi)-1 -methyl-5-oxo-3-pyrrolidinecarboxamide and /V^[3-(4-ben- 
zyM-piperidiny0propyl]-5-oxo-/^phenyM or a salt thereof. 

15. A prodrug of the compound of claim 1 . 

16. A pharmaceutical composition containing the compound of claim 1 or a prodrug thereof. 

17. The composition of claim 1 6, which is a chemokine receptor antagonist. 

18. The composition of claim 1 6, which is a CCR5 antagonist. 

1 9. The composition of claim 1 6, which is an agent for the prophylaxis or treatment of HIV infectious diseases. 

20. The composition of claim 1 6, which is an agent for the prophylaxis or treatment of AIDS. 

21. The composition of claim 1 6, which is an agent for suppressing the progress of a disease state of AIDS. 

22. The composition of claim 1 9, which further contains a protease inhibitor and/or a reverse transcriptase inhibitor in 
combination. 



23. The composition of claim 22, wherein the reverse transcriptase inhibitor is zidovudine, didanosine, zalcitabine, 
lamivudine, stavudine, abacavir, nevirapine, delavirdine or efavirenz. 

24. The composition of claim 22, wherein the protease inhibitor is saquinavir, ritonavir, indinavir, amprenavir or neffi- 



25. Use of the compound of claim 1 or a prodrug thereof, and a protease inhibitor and/or a reverse transcriptase 
inhibitor for the prophylaxis or treatment of HIV infectious diseases. 

26. A method for producing a compound of the formula: 



navir. 




0) 



wherein 



R1 
R2 



is a hydrocarbon group having 2 or more carbon atoms, or R"" and R* may in combination form, together 

with an adjacent nitrogen atom, a ring optionally having a substituent or substituents; 

is a hydrocarbon group optionally having a substituent or substituents or a heterocyclic group optionally 



is a hydrocarbon group; 
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having a substituent or substltuents; 

R 4 is a hydrogen atom, a hydrocarbon group optionally having a substituent or substituents or a hetero- 

cyclic group optionally having a substituent or substituents; 

E is a divalent chain hydrocarbon group optionally having a substituent or substituents other than an oxo 

group; 

G is CO or S0 2 ; 

J is a nitrogen atom or a methine group optionally having a substituent or substituents; and 

Q and R are each a bond or a divalent chain C^. 3 hydrocarbon group optionally having a substituent or substit- 
uents, 

or a salt thereof, which method comprises reacting a compound of the formula: 

/ 

H— N— E— f/ (II) 

if V 

wherein each symbol is as defined above, or a salt thereof, and a compound of the formula: 



R 

wherein R 5 is a carboxyl group or a sulfonic acid group, a salt thereof or a reactive derivative thereof, and other 
symbols are as defined above, or a salt thereof. 



27. A method for producing a compound of the formula: 



R— .J— G— N— E— n' 



1 

(I) 



wherein 



R 1 is a hydrocarbon group; 

R 2 is a hydrocarbon group having 2 or more carbon atoms, or R 1 and R 2 may in combination form, together 

with an adjacent nitrogen atom, a ring optionally having a substituent or substituents; 

r3 is a hydrocarbon group optionally having a substituent or substituents or a heterocyclic group optionally 

having a substituent or substituents; 

R 4 is a hydrogen atom, a hydrocarbon group optionally having a substituent or substituents or a hetero- 

cyclic group optionally having a substituent or substituents; 

E is a divalent chain hydrocarbon group optionally having a substituent or substituents other than an oxo 

group; 

G is CO or S0 2 ; 

J is a nitrogen atom or a methine group optionally having a substituent or substituents; and 

Q and R are each a bond or a divalent chain C v3 hydrocarbon group optionally having a substituent or substit- 
uents, 

or a salt thereof, which method comprises reacting, in the presence of a base, a compound of the formula: 
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R— N^/J-6-ljl-E-X {|V) 
R 

wherein X is a leaving group, and other symbols are as defined above, or a salt thereof and a compound of the 
formula: 



x 

H ~ M x 2 (V) 
R 

wherein each symbol is as defined above, or a salt thereof. 

28. A method for suppressing a chemokine receptor activity, which method comprises administering an effective 
amount of the compound of claim 1 to a mammal. 

29. Use of a compound of claim 1 for the production of a pharmaceutical agent that suppresses a chemokine receptor 
activity. r 
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